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YAQUI USER'S MANUAL FOR

FIREBALL CALCULATIONS

by

J. L. Norton and H. M. Ruppel

ABSTRACT

Recent modifications and additions made to the YAQUI code are

described.

This code, which was written to simulate nuclear explo-

sions in the atmosphere, has been improved to include the effects

of turbulence.

In addition, it now allows input data to be ob-

tained by direct interpolation in the one-dimensional results of

early time radiation codes.

This new version also makes most of

the input free-format (namelist) and is composed of modules for
easier modification and isolation of computer system dependence.

I. DESCRIPTION OF CODE

The YAQUI code is a combination of two fluid-
dynamical techniques, ALE and ICE. ALE is an acronym
for Arbitrary-Lagrangian-Eulerian; using this method
the finite difference mesh points can be moved with
the fluid (Lagrangian), held stationary (Eulerian),
or moved by some prescribed rezone algorithm
(Arbitrary). ICE stands for Implicit Continuous-
fluid Eulerian; because the hydrodynamic equations
are solved implicitly, the technique can be used to
solve for flow at all speeds. The analyses of these
techniques were presented by Harlow and Amsdenl and
by Hirt et al.,2 and an initial version of the code
was described by Amsden and Hirt.3

This section will examine the differences be-
tween the initial version of the code and the modi-
fied version used to do the calculations in this
report.

A, Initial Zoning

An initial YAQUI zoning setup is shown in Fig. 1.
The initial grid is determined by the parameters DR,
DZ, IBAR, JBAR, and YB. First, a uniform grid of
IBAR zones in the r-direction and JBAR zones in the
z-direction with the bottom at z = YB is generated.
Then the

parameters FREZXR, FREZYB, and FREZYT are examined.

The zones are all DR cm wide by DZ cm high.

If any one of them is larger than 1, it is assumed
that a region of nonuniform zoning will surround the
uniform region. The parameters that describe the
nonuniform region are IUNF, JUNF, JCEN, and REZYO.
IUNF is the number of zones starting at the left
that are to remain unitorm. To the right of tnis

region, the zone widths are related by
DR(I+1) = DR(I)*FREZXR ,
where T increases to the right. Likewise, JUNF is
the number of zones in the z-direction that will
remain uniform, Referring to Fig. 1, one can see
that the region of uniform zoning will be centered
on the line JCEN zones above the bottom of the grid
with half the uniform zones above the top of the
JCENtR zone and half below. The heights of the
zones above the region of uniform zoning will be

related by the equation
DZ (J+1) = DZ(J)*FREZYT ,

where J increases toward the top. The heights of
the zones below the region of uniform zoning will

be related by the equation
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Fig. 1. Sample initial zoning setup.

DZ (J+1) = DZ(J)*FREZYB .

The top of the JCENER zone is redefined to be at the
point z = REZYO. Because FREZYB will move the bot-
tom of the mesh, it is necessary to recalculate YB
based on JUNF, JCEN, REZY0O, and FREZYB. In defining
grids for problems with the ground at the bottom,
care must be taken to calculate FREZYB so that the
bottom of the J = 2 zone coincides with y = 0.

The grid is surrounded on three sides by layers
of ficticious cells, shown as dotted lines in Fig. 1.
These allow a variety of boundary conditions to be
applied. The bottom layer of fictitious cells
cauges the first row of real zones to be at J = 2
rather than at J = 1. This fact can be confusing if
one is not aware of the convention. The grid lines
are known as I and J lines; I = 1 is at the extreme
left; I = IBAR + 2 is at the extreme right of the
dummy column; J = 1 is at the bottom of the bottom
ficticious cells; and J = JBAR + 3 is at the top of
the top ficticious cells., The zone whose lower
left corner is at the intersection of the lines I and

J is known as zone (I,J).

B. Fireball Initialization

The initial version of the code read in data
that had been interpolated from one-dimensional
spherical form to a two-dimensional grid with velo-
cities centered at cell edges as in MAC. However,
in YAQUI, velocities appear at vertices; therefore,
a second interpolation was required. To avoid this
unnecessary step and the resultant smoothing, the
code was modified to permit inputting data in one-

dimensional form.

directly onto the YAQUI grid.

The data is then interpolated

The interpolation technique is as follows. The
1D data is input one zone per card. Card i contains
the radius of the outer boundary of zome i (ri),
the velocity of the outer boundary (ri), and the
specific internal energy and density of the zone
(ei and o,, respectively) in the format 4E15.0.
Cards are read until a blank card or an end-of-file
is encountered. The inner radius of the first zone
is assumed to be zero (ro = 0) as is the velocity at
the center (io = 0). The density and energy are
cell-centered quantities. A sample 1D setup is
shown in Fig. 2. The 1D data is superimposed on the
2D YAQUI grid as shown in Fig. 3.

To carry out the interpolation, one divides
each spherical shell into subzones using both radial
and angular segments. Consider a portion of a 1D

zone as shown in Fig. 4.

Of course, in practice

Fig. 2. Sample 1D fireball initial data configura-

tion,
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Fig. 3. Superposition of 1D fireball data on the

Fig. 4. Division of 1D fireball data into subzones
2D YAQUI grid.

for interpolation purposes.

61 is 0° and 62 is 180°. A8 is determined from
180°/NTH, where NTH is an input quantity; Ar is de-—

T37T4-3

termined from NRAD ® where NRAD is also an input

quantity. NTH and NRAD are held constant for all
zones. The center of a subzone is defined as shown
in Fig. 5. The interpolation procedure, then, is as

follows. Consider a single subzone of a spherical

(r+Ar,8)
shell. Find into which YAQUI zone the center of the
subzone falls. Assign all the mass, momentum, and (r,9)
internal energy of the subzone to the YAQUI zone.
One can estimate the accuracy of the procedure by (r+ %— , g+ éz-e—)
accumulating the volumes of the subzones that are
assigned to an individual YAQUI zone. When all of !
the subzones have been assigned, the volume of the
YAQUI zone and the sum of the volumes of the sub- (r,8-*£&6)
zones assigned to the YAQUI zone should be nearly
the same except for those YAQUI zones only partially (r4'13r' 6.*£k9)
within the outermost spherical shell, Fig. 5. A typical 1D Interpolation subzone.



To handle the latter, the sum of the subzone
volumes is also used as a flag. If the volume error
[(sum of subzone volumes - YAQUI zone volume)/YAQUI
zone volume] is greater than 1%, then the five near-—
est cells on the top, bottom, and right are examined
(See Fig. 6.)

If the YAQUI zone falls only partially within the

to see if any are within the fireball.

fireball, at least one of the five neighbors will
not be within the fireball at all. If all of the
five neighbors are fireball cells, then there is

an internal volume inaccuracy and the interpolation
must be made finer (Ar and A8 must be decreased). If
a nonfireball neighbor is found, then the specific
internal energy and density of this neighbor are used
to establish the mass and internal energy of the part
of the YAQUI zone that is not within the fireball.

To understand this better, consider the example
shown in Fig. 6. Let ¥oax be the outer radius of
the last 1D zone. The horizontally crosshatched
portion of zone (i,j) is within the fireball and the
vertically crosshatched portion is outside of the
fireball. The relative volume error will certainly
be greater than 1%. Of the five neighbors shown,
cell (i+l,j~1) 1s completely outside of the fireball;

its specific internal energy and density would be

used to establish the internal energy and mass of the

vertically crosshatched portion.

Once the internal energy, mass, and momentum
components are established for all YAQUI zones that
fall completely or partially within the fireball
data, the specific internal energy is determined

by dividing the zone internal energy by the zone

"max

itl,j+

/

i+l,]

i+l,j-1

Fig. 6. Technique for handling YAQUI zones only

partially within the fireball,

mass. The zone density is determined by dividing

the zone mass by the zone volume. The velocities
are vertex quantities and are determined as follows.
The cells containing a particular vertex are exa-
mined to see if all are fireball cells, i.e., if
the vertex lies within the fireball. If any are
not, then the vertex velocity is set to zero. If
all are fireball cells, then the vertex takes % of
the momentum of each neighbor (for central cells,
N = 4; for boundary cells, N = 2).

C. Particle Setup

The particle setup has two options: a rectangu-
lar particle region and a circular particle region.

Rectangular Region

The lower left-hand corner of the particle re-
gion is at (XC,YC) and the upper right-hand coruer
is at (XD,YD).
is determined by superimposing a uniform grid of
zones, which are DRPAR wide by DZPAR high starting

The actual location of the particles

at (XC,YC) and placing a particle at the center
of each zone if the particle fails within the
retangular region. See Fig. 7.

Circular Region

A circular particle region is more useful for
fireball problems. This option is initiated by
setting YD = 0, The circular region's center is at
(0,YC), its radius is XD (XC is not used).
Particles are placed as in the rectangular region
except that the uniform grid starts at (0,YC-XD)

and only particles that fall within the circle are

used,
ST T Tty T T T rT o r oo
(XD, YD)
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Fig. 7. Particle generation scheme.



D, Particle Movement

Calculating with nonrectangular cells poses
some additional problems in the movement of marker
particles. The approach used in the initial ver-
sion of YAQUI was to define a grid of particle cells
with constant Ax and Ay to overlay the calculational
mesh. Masses and momenta were obtained by linear
interpolation in the values assigned to the calcula-
tional grid for each vertex of the particle grid.
The final step was to interpolate in these particle
grid values to find the particle velocity with which
it was to be moved. In addition to requiring two
interpolations each cycle, this method tends to
break down when a disparity exists between the size
of calculation and particle cells. If the variable
resolution causes large cells in one region of space
and small cells in another, accuracy will be
severely restricted. For such a situation there may
be many fluid cells for one particle cell, or vice-
versa. The former will cause smoothing of the
velocity field as applied to the particles, the
latter, to an uncertain determination.

To take advantage of the greater resolution that
variable cells allow, we dispensed with the concept
of an overlay grid, and interpolated directly in the
fluid field. For this approach, two points must be
considered: you must know in which cell a marker
particle lies, and you must implement a reasonable
scheme for interpolation in a skewed mesh. Consider
first the method of searching for the values with
which to do the interpolation. This is done by
drawing vectors in succession from the particle to
each of the vertices of a calculational cell. If
these proceed in order and the angles between
successive vectors are less than T for each of the
four vectors, the particle lies within the cell.
This may be seen more clearly in Fig. 8. 1In
Fig. 8(a) the particle lies inside the cell. In
Fig. 8(b), taking the vectors in order, the vector
to vertex 4 lies between the vectors to vertices 2
and 3, and hence the particle lies outside the cell.
In Fig. 8(c) the angle between the vectors to
vertices 4 and 3 is greater than T, and the

particle lies outside the cell.

{a)

~

{b)

(c)

Fig. 8. Determination of particle positions.

The numbering of vertices 1s arbitary and may
be clockwise or counter-clockwise, but must be
congecutive. The rationale far this seemingly
complicated criterion 1s that it avoids precise
knowledge of any angles and hence requires no
reference to trigonometric subroutines. Improved
methods for which this is also true have since
been found, one of which we will mention later.
However, in the current version of the code, the
above approach is used. To increase efficiency a
one~dimensional array holds the number of the cell
containiung a particle at the beginning of a
calculational cycle.

If a particle is no longer in the cell in
which it began the cycle, an efficient search is

undercaken to find the new location.

For skewed
cells, the particle can move more than one cell
away, and hence determining an optimum trajectory

along which to search is useful. This minimizes




the number of tests that must be made,

Two criteria are imposed in selecting the in-
terpolation scheme once the appropriate cell has
been identified:

1. The interpolated velocity must be bounded
by the vertex values — that is, its value must lie
between the smallest and largest of the four velo-
cities.

2. The interpolated values must be continuous
across cell boundaries.

An efficient method is to map the (x,y) space to
the logical (n,8) space by the transformation

X = (1-n) (:L—e)§1 + (1-n)8 2’2 + ne§3 + (1-8)n §4. (1)

The vectors ;1,...,;4 are drawn from any convenient
origin to the vertices of the cell, The vector ;
points to the position for which interpolated velo-
cities are desired. From the knowledge of the
coordinates ;1,...,;4, and ;, we can invert Eq. (1)
to obtain the values of N and 6 corresponding to the
point (x,y). In the (n,0) space we then do a bi-

linear interpolation, using for any scalar the form

s(n,0) = (1-n) (l—EJ)sl + (1-m)8s, + nbs, + (1—e)nsl‘.
(2)

We search for the new location of a particle
by drawing a line from the center of the cell in
which the particle began the cycle to its present
location. This defines a trajectory that may pass
through several cells and along which we perform our
test for particle in cell. Although this is some-
what cumbersome, it requires testing very few cells,
usually just one or two. An improved approach used
by Pracht4 eliminates the separate testing and auto-
matically defines the direction of search. If the
particle lies in the cell in question, the values of
n and 6 obtained from Eq. (1) will both lie between
0 and 1. If either does not, the cell indicated by
the values of n and 9 is examined. For example, if
n = 1.2, increase 1 by one and recalculate n and 8.
This approach is neater and more efficient. In
future versions of the particle transport, we plan to
incorporate such a scheme into YAQUI.

An additional component of particle displacement
is required when the effects of turbulence are being

calculated. This is described in the next section.

E. Turbulence

A significant new feature in the present ver-
sion of YAQUI is the addition of a one equation
transport model for turbulence. The modified equa-
tions, which we now solve are
the mass equation

%%+v-p3=v-c\7p, (3)
the momentum equation

dpu , 3

-+
— + > >
ot g Pu +Ve(puu) =V i+ g » (4)

the internal energy equation

l"t_f=_pv-3+3L°2‘1+vU-Vp1 s (5)
Bs

and the turbulence energy equation

2

209 _ _ 99p+Vp+ ool - 2g.3 420 pq
at o] 3 8s

-%op(v-3)2+v-c\7pq ) (6)

The turbulence viscosity is given by
o = Bs/2q . (7

For conciseness we have used the following de-

finitions:

2 du,
Hij = (1,1+p('1)e:Lj + OHij + 6ij (k-—i 00) E
- (p% pq)] s (8)
] 3p
s 9o, Y9 ax, 0 ®
3 i
aui
T = eij Fralt and (10)
3
o 2y
eyy = E*’ o, . (11)



The parameters of the model are B and the scale, s,
Values are obtained phenomenologically from fits to
experiment. For f we use the constant, B = 0,02,

For the scale, constant values over the mesh and the

more complicated phenomenological form

s = 0.14 d(z) ( - %24;—;) v(r,z) >0 (12a)
= 0,28 d(z) v(r,z) < 0 (12b)

have been used. The function d(z) is the radial
distance to the point at which the velocity changes
sign, and v(o,z) is the axial component of the velo-
city on the axis, r = 0. 1In a skewed mesh Eq. (12)
requires considerable logic and interpolation.
Because s is only crudely known, we generally

approximate the above form by

wen ) @

vio,z
(0,2) .o

s = 0.14d (2 -~
in this simplified relation, d is a constant,
usually taken to be 1, and v(o,z)max is the maximum
value of v along the axis. This expression may over-
estimate the scale for fireballs and cut down on the
rate of decay of the turbulence energy. Erring in
this direction gives us an upper bound on the effect
of the turbulence. In the latest version of the
code, we simply incorporate a constant scale
throughout the mesh, though provision exists in the
code for a more general treatment.

In differencing the turbulence additions, we
can take advantage of much of the existing framework
of the basic YAQUI program. Because small time-
level inconsistencies in the turbulence equations
are insignificant, economy is a major criterion in
establishing the order in which the several additions
are included. For example, looking at the structure

of the modified stress tensor, we are led to replace
U=+u+o00, A +A- % po and p *> p + % pq. Similarly
Hij is calculated from p and : at the old time level;

this allows the stress tensor to be handled ex-

plicitly in Phase I simplifying the addition.

The term g% p'u£ in the momentum equation is modeled,

using the flux approximation, as - Eat— oa—axg ; this

1

requires saving the two components of ngL for each
i

cell from the previous time step. Clearly such an

approach centers the time derivative about t - %f

and not at the same time level as Hij' For rea-

sonable time variations, the inconsistency should
not be important,

Three more diffusion terms must be differenced:
one in the mass equation, one in the internal energy
equation, and one in the turbulence energy equation.
Each of these is added explicitly in Phase I with
derivatives from time level n.

The transport equation for the turbulence
energy q is mainly handled explicitly. However,

we can include some advanced time information by

writing Eq. (6) in the form

2

n
(o)™ [1 AR —21] = (0" - obt [YED—VR - or
Bs

n
n
+3 o<V-G)2] +(7-0%0q). (14)

In cylindrical geometry I' takes the form

2 2 2 2
du v 1 {du v u
T=2[(§) *(g) *5(@*5;) +(;)] - a5

All the terms on the right-hand side of Eq. (14) are
evaluated at time level n as cell-centered quanti-
ties. For most of the terms this proceeds naturally;
but for the buoyancy creation, % Vo+Vp, a small
reach 1s necessary. In the notation of Fig. 9 we

could evaluate the derivatives directly at the

Fig, 9. Quantities involved in YAQUI derivative

evaluation.



vertices 1-4 and then average to obtain (Vp°Vp)°.
This uses information at nine cells and is un-
necessarily smoothing. For this reason we use cells
a,b,c, and d and obtain the derivatives at the
center of cell o in terms of these. For example,

R i (e R TR ORI ) SN T

where A is the area of the quadrilateral abcd. We
are particularly concerned about smoothing out
derivatives because the sensitivity of the tur-
bulence energy and the level of turbulence that can
be supported depend on the size of gradients of
various quantities. Derivatives of vertex quanti-

ties are calculated at cell centers by the equations

%% = g: {(22—24) (ul—u3) + (23—21) (uz—ua)} (17a)
and

u_ L {(rz—rl‘) (ugmu) + (ry=r,) (uz-ul‘)} . (17b)

where A is the area of the cell.

If we expand the derivatives about the center
of the cell, we find that the error is proportional
to second and higher derivatives. In a similar
fashion we can obtain derivatives of cell-centered
quantities at cell centers (as discussed above) by
appropriate choice of configurations. The necessity
to optimize the calculation of gradients implies
that high-resolution calculations are important in
evaluating turbulence models.

Similar problems arise for the Laplacian or
diffusion-like terms. Again, several approaches
are pgssible and in this case optimization is much
less crucial, because the level of turbulence is
only indirectly affected. The criteria applied to
select an approach for differencing such terms

were: that an equation of the form

§%+3-v¢=v-ovc

could not lead to negative c anywhere in the mesh,
and that the difference form of V*gVc should re-
duce to the expected form for the case of a uniform
rectangular mesh. For example, if c represents the

concentration of a chemical species,

4 c.-¢
1 __LJL_d? <r°><c

> = (VoVe) (18)
V & 1 jo j jo o’
o3 2 (Aj+Ao)
where cj is the concentration in cell j, djo is the
length of the cell side between cells o and j, <rj°>

is the distance between the centers of cells o andj,
Aj is the area of cell j, Vo is the volume of cello,

0.+Oo
and <o, > is 12 .
jo 2
Cartesian coordinates for a uniform rectangular mesh

See Fig. 10 for examples. 1In

with sides d8x, 8y, and constant g, this reduces to

c,+c.—2¢c c,tc,-2¢c
. ( 173 (I 2 74 o>

(19
8x2 Gyz

as we would wish. The vertices of this quadrilater-
al are at the center of their respective cells.

In the finite difference approach with finite
time steps it is possible for the turbulence energy
If, for
example, 6t % Vp-Vp is positive and greater than

to become negative in certain cells.

pq in a given cell, more energy will be subtracted
from the cell than it contains. One could reduce
the time step, but this would never really solve
the problem. The assumption we make is that
since, numerically, turbulence can go negative in
regions in which it is decaying, if q < 0, we set q
to zero. Experience bhas shown for the fireball
calculations that less than 1% of the turbulence

energy is lost by this procedure.

31.("3_6 I o
o dio
Y
4

Fig. 10. Definition of quantities used in differ-
encing of turbulence part of the concen-

tration equation.



As far as convection is concerned, the quanti-
ty pq is convected and, because the difference
equations for the convection conserve the convected
quantity identically, the turbulence energy is con-
served in Phase III. The total energy, however, is
not. In the initial code version™ an equation for
the total energy is written, and this 1s the quanti-
ty that is convected. Momentum is also convected,
and hence conserved; the internal energy is obtained
by subtracting the kinetic emergy from the total
energy. This places all the uncertainty in the
internal energy, which if it is a small part of the
total energy, can lead to large fractional errors in
the internal energy.

With the introduction of the equation for tur-
bulence energy, it has seemed convenient to deal
directly with the internal energy. In the code the
equation for the internal energy follows the pres-
sure iteration, allowing us to calculate the pdV
work with a time-advanced pressure. The quantities
that are convected in Phase 111, then, are the
internal energy, the turbulence energy, and the mo-
mentum, which are individually conserved. 1In
general, this means that the kinetic emergy and,
thus, the total energy, E = pI+pu2+pq, will not be
conserved. This lack of energy conservation does
not seem to be significant and is ignored in actual
calculations.

A small change has been made in the energy
equation related to the smoothing of the velocity
field for computational stability. 1If alternate
mesh vertices are not coupled in some way (see
Ref. 3), an instability arises. The approach we
elect is to couple the alternate nodes only when a
local minimum or maximum in the velocity field
occurs. We apply a restoring acceleration to

vertex 4 of the form

;;c—lﬁ %(El+§3+36+38) - 4, 0)
(See Fig. 2 of Ref. 3).

In Ref. 3 this is applied to each vertex each cycle
to control the instability. In our version we
apply the restoring force only to those components
of : at vertex 4 that have values larger than or
smaller than any of the neighbors (1,3,6, and 8),

That is, a local maximum or minimum in the r-

component of U is smoothed by a restoring accelera-
tion in the r-direction and similarly for the z-
component. This is less diffusive than the approach
that applies it everywhere each cycle. The intent
is that when no instability threatens, this will not
smooth gradients.

This node coupler clearly reduces the kinetic
energy of the system, acting like a viscous dissi-
pation. If this loss is ignored, it will
lend to a gradual diminishing of the system's energy.
On the other hand, to include the energy in the in-
ternal energy equation as viscous heating really has
no basis in physical reality. However, in our
version, we choose the latter option and include the
energy removed by the node coupler in the equation
for the internal energy. In the original version of
the code the other choice was made.

One can see by examining the model equations
for turbulence that no mechanism has been built in
to initiate the turbulence spontaneously. That is
if there is no turbulence present, i.e. q=0, none
can be created or can grow. For this reason, the
turbulence must be seeded initially and allowed to
equilibrate with the mean flow through the creation
and decay terms in the equation for the turbulence
energy. Several alternative seedings have been
tried and found to lead to the same turbulent con-
figurations after a fairly short time. A very
reasonable approach is to seed the turbulence pro-
portional to the vorticity of the mean flow field.
This is done after the field has been established,
that is, shortly before torus formation time.

This timing is pot crucial. It can be seeded
earlier and find its way to a similar level and
distribution in a short time. We miss any high-
intensity early time turbulence, likely initated by
Taylor instabilities as the device case and

the very hot debris decelerate. We assume that

the fluctuations decay in a few seconds because noth-
ing appears to be present to support them. The
equilibrium turbulence we calculate really only has
meaning at later times.

Because the measured properties of the fire-

ball, rate of rise and radial expansion, depend on the

positions of the marker particles, it was felt that
their motion should be coupled directly into the
turbulence. This is done by adding a random turbu-

lent diffusion velocity to the particle motion by



the following technique.
The diffusion of mass as a function of time
+>
from a point source of unit mass at position T, is

described by the diffusion equation

§% AV o+ §GE) (21)

where p is the density and A 18 a constant diffusion

<+ + >
Define the quantities ér = r-r ,

If p(Sr,t) is
written as p(§r,t) = X(8x,t) Y(8y,t) Z(8z,t), it

coefficient.

§x = X=X, 8y = Y=Y and 8z = Z-2 .

can be shown that

1 -6mPaae
VETAL

X(8x,t) = , (22)

with similar expressions for Y and Z.

In calculating the additional particle motion
due to turbulence, consider the particle at time
L, = 0 to be a masgsless point at :0 and use Eq. (22)

as a probability distribution function for deter-

mining the position of the particle at time t =
The turbulence viscosity then serves as the

diffusion coefficient A.

t +8¢t.
o
In cylindrical coordinates

one should solve Eq. (21) in a cylindrical basis
-
p(S8r) = R(Sr) Z(S8z)

However, R cannot be determined in closed form and

for small 6t and &x, with &x > %?5 , R reduces to

o
Thus, Eq. (22) can be

the form of X in Eq. (22).
used with confidence in cylindrical geometry as
long as it ig applied in its region of validity.
Furthermore, 8x must be small compared with a cell
dimension so that the turbulence viscosity being
used as the diffusion coefficient remains constant
in the region and during the time considered.

The general Gaussian (normal) distribution is

£(y) = e > (23)

where ¢ is the standard deviation. Equation (22)

can be put in this form by setting
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o = V2A8t and (24)

y = 8x, (24a)
where we have replaced t by &t.

The standard probability distribution function
(random number generator) available on most computers

is the uniform distribution p(x),

p(x) =1, 0<x<1

=0 , elsewhere. (25) -
What we need is the distribution given by Eq. (23)
with o given by Eq. (24). To accomplish this Eq.

(25) is mapped on to Eq. (23) (see Fig. 11) with the

expression
p(x) dx = 2 f(y) dy, (26)
because the probability of finding x in dx is equal

to the sum of the probabilities of finding both y

and'—y in their respective dy's. Therefore,

p(x)

Fig. 11. (a) Uniform distribution, (b) Gaussian

distribution.



y ~ -
f(y7) ay” ,

X y -2, 2
or f dx” = -2 f e’ /20 dy” .
) VZno Jo

With the variable transformation z~ = ——

y/ov2 .2
-z .
-/ﬂ e dz” ,
[¢]

By definition, the standard error function is

therefore,

X = erf(—f;) , 27)
av2

4nd from Eq. (24),
y = VEXSE erf ¥ (x) . (28)

The above is the mapping from Eq. (25) to Eq. (23)
that is desired.

In principle, then, one determines a random
number using Eq. (25) and maps it onto Eq. (23)
using Eq. (28). One can see that the y in Eq, (28)
is the required particle displacement due to tur-
bulent diffusion if he remembers that the diffusion
coefficient A in Eq. (21) is replaced by the local
turbulence viscosity.

One problem remains, namely, making the pro-
cedure efficient enough computationally so that
one can afford to use it. The major difficulty is
the calculation of inverse error functions. To do
this without undue cost the following interpolation
procedure was established.

The error function is monotonic increasing on
the interval [0,1}; erf(0) = 0; and [erf €2}
approaches 1 asymptotically (see Fig. 12). Care
must be taken in using erf_l(x) for x ~ 1, for in
this region erf_l(x) is very large which could lead

to an abnormally large particle displacement. To

y=erf(x)

x=erf(y)

Fig. 12. Standard error function.

handle this, one selects a number WMAXEF and distri-
butes NERFV points equally spaced on the interval
[0, WMAXEF] with point 1 located at 0 and point
NERFV at WMAXEF.
be

Thus, the equal spacing DX will

WMAXEF
PX = NERFV-1 ’ 29

and the position of point i, denoted by Xy will be

x; = (i-1)DX . (30)
Now, let R(i) = erf(xi). Then,
x, = erf™l (R(1) (31)

(see Fig. 12). Our problem is to find erf_l(t)

=z
given an arbitrary t. To do this, we see that
t = erf(z). Find an i such that
R(i-1) << t € R(i) or erf(xi_l) <t< erf(xi) .
Therefore, X < erf_l(t) < X One linearly in-
terpolates to get
-1 ~ t-R(i-1 _
erf T(0) = xy ) + W@ - RGI-D) i T Xyp) o
or
erf_l(t) > |(1-2) + (£-R(i-1 DX (32)

(R(i) - R(1-1))

using Eq. (30). One selects another random
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number t if t > R(NERFV).
R(NERFV) = WMAXEF using Eq. (28), y is limited to

Because R(1) = 0 and
the range
0 < y < WMAXEF * /4A8t = WMAXEF * V2 o .

Thus, y is limited to WMAXEF * /Z standard devia-
tions.

Because Eq. (22) is invalid near the axas ot
symmetxy, another cutotf parameter RMINEF has been
added.
RMINEF, the turbulent diffusion effect is not

If the r-coordinate of the particle is <
applied. In most cases, RMINEF can be considerably
less than the Ar's of the zones on the axis.

The current version of the code can be run
easily with turbulence by-passed because the tur-
bulence must be seeded initiaily. Most of the
coding related to turbulence is excluded and no
efficiency is lost if this version is used for
turbulence-free calculations.

For a discussion of the output relevant to

turbulence, see the sample calculation in Sec. III.

F. REZONE TECHNIQUES

The convection phase is appended to a Lagran-

glan calculation in a way that provides maximum
flexibility for the continuous rezone. This is
achieved by including the convective fluxes as

functions of difference velocities,

+ -+

-
Ya T Yfiuid T Vg 0

where :g is the grid velocity with which the mesh is

moved in a given calculation cycle. For an Eulerian

calculation :g = 0; for a Lagrangian calculation
-> ->

“g T “flut
there 1s no fluxing.

q’ the difference velocity vanishes, and
In general the presciption to
determine 38 is at the discretion of the user. A
general form that we have found useful and incorpor-

ated in the present version of the code is to write

> +

f - -+
Ug T Uppyga TEe (- %)

for each vertex. That is, the grid velocity is
composed of two components: the fluid velocity and

a term to relax the mesh such that each vertex is

at the average position of its nearest neighbors.
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The latter term prevents the mesh from distorting
excessively. A typilcal value for f might be 0.05,
which would relax the mesh in approximately 20 cal-
culational cycles if there were no fluid motion.
Many variations of the relaxation component are
possible. The important point 1is to run as near to
Lagrangian as possible to minimize the smoothing,
but still to maintain some degree of regularity in

the mesh.

G. MIXED EQUATION OF STATE

To model more accurately the atmospheric de-
tonation of a Mylar balloon filled with methane, it
was necessary to incorporate two equations of state
in one problem, one for the combustion products and
one for ambient air. The method was to divide the
cells into two groups at t = 0, those inside the
fireball and those outside. This division was done
on the basis of the specific internal energy (e);
those cells with e 2_1010 erg/g were considered in-
side the fireball and all others, outside.

Define the concentration c; as the ratio of
the mass of constituent 1 in a given cell to the
total mass of the cell. Obviously, if there are n
constituents, g ¢y = 1 in a given cell. For a
problem like ours with only two constituents (ex-
ploded methane and ambient air), n +c = ]

eth air

so that one only needs to keep track of c Here

meth”

we use ¢ to refer to the concentration of com—

meth

bustion products and Yy to refer to the effective

meth
Y for the combustion products.
Initially, c is defined to be 1 in all
meth
fireball zones and 0 elsewhere. As the problem
proceeds, the concentration is convected into the

ambient region using

dc

i
ot +u \7c:.L 0.

Note that this is just the Lagrangian form of the
continuity equation.
To determine the effective Yy in a given zone,

we write .

Yeff © “meth Tmeth + (1—cmeth)yair *

The pressure is then obtained from



P = (Y peDpe .

H. SYSTEM IMPROVEMENTS

Because YAQUI is a rather large computer code,
because many modifications have been made to it in
the course of investigating various techmiques, and
because the Los Alamos Scientific Laboratory began
the switch from batch to time-shared computing in
the course of this research, considerable effort
went into making YAQUI a convenient and flexible
research tool. The various efforts involved are
summarized below.

1. The original code was written in large blocks,
which made it difficult to modify and alsoc
severely taxed the compilers and loaders.
Thus, the code was divided into numerocus
smaller subroutines to avoid these problems.
The concept of modularity was followed as
closely as possible.

2. Because of rapidly shifting operating systems
at LASL, it was important to make the code as
system-independent as possible so that it
could be easily switched from old to new
systems. The code will now run on any of the

three systems available at LASL, in either

batch or time-sharing mode. It could be
brought up on any other system with minimal
difficulty, assuming sufficient small- and
large—-core storage were available.

3. Fixed format input is prone to error, whereas
NAMELIST input tends to be system dependent.
Thus, a NAMELIST input package was written
that is system—independent for the most part,
and can be easily modified for other systems.

4. Error checking within the code is meticulous.
The code never assumes anything on the part
of the user but monitors for errors, parti-
cularly in the setup phase, as though the
user were completely unfamiliar with the code.

5. Because YAQUI runs often take several hours
of CDC-7600 time, a problem may have to be
Tun in several smaller pieces. For this

reason, a flexible restart procedure was

developed to allow the user to restart a

problem at any point and change input para-

meters without having to actually modify the

code itself.

6. The original YAQUI was very well documented
externally in LASL report LA—SlOO.3 However, a
code that is under heavy development is much
easler to modify if it is carefully annotated
internally. Work has been proceeding on this

and is largely completed.

II. DESCRIPTION OF INPUT

The ipput to the code, except for the problem
title and the 1D fireball initialization data, is in
NAMELIST form. The basic rules are:

* Each input record begins with a $ in card
column (cc) 2 followed immediately by the namelist
name.

* Input values are of the form

NAME = NUMBER,
where blanks may not occur within NAME or an indivi-
dual number but are ignored elsewhere. NUMBER may
be a single constant or a series of comma-delimited
constants. Multipliers of the form N*NUMBER are
allowed but not grouping with parentheses (e.g.,
N*(N1, N2, N3) is illegal).

¢ Continuation cards are legal. NAMELIST
variable names and constants may not be split across
card boundaries but hollerith fields may if they end
in cc80 of one card and begin again in ccl of the
next card.

* An input record is terminated by a $§ anywhere
on the card except for ccl and 2.

* Variables are stored without regard to type.
If one has I = 5., T will contain a floating point
5. rather than an integer 5; likewise X = 2 will
cause an integer 2 to be stored in X which will most
likely be interpreted as a floating point O.

« If a "P" is punched in ccl of the first card
of a namelist record, the entire record will be
printed as part of the code output.

For most information about the namelist con-
ventions, see the internal documentation at the
beginning of the routine NAMLST in the listing of
the code in Sec. V.

From here on, each input record will be des-
cribed, the namelist name given, and the variable

names listed and discussed.
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Record 1:

Namelist name - START

Namelist variables

NAME TYPE (units) Possible values Default
RESTRT  LOGICAL .TRUE., .FALSE. .TRUE.
FILM LOGICAL .TRUE., .FALSE. .TRUE.
PAPER LOGICAL .TRUE., .FALSE. .FALSE.
WRAPUP  REAL (s) 0.<WRAPUP<® 20.0

(a) RESTRT - .TRUE. if the run will be a pickup from

(¢) PAPER - .TRUE. if all output with the exception

Example:

.TRUE. or .FALSE.

a previous dump tape.

an initial setup.

(b) FILM - .TRUE. if all output will go to film.

of plots will go to paper.
(d) WRAPUP - time to allow for the last cycle dumps,
plots, printouts, and general termina-

tion procedure.

TLIM,

Otherwise it is

If the time limit is
then the calculation will be

stopped and termination begun as soon
as the run time exceeds TLIM-WRAPUP.
SCARDN RESTRT = .TRUE., FILM = .TRUE.,

PAPER = .FALSE., WRAPUP = 30.$
The next input depends on whether RESTRT is

Input based on RESTRT = .FALSE.

(problem generation) will be considered first.

% % % INITIAL PROBLEM SETUP * % *

Record 2: Problem title, cc2-80 on one data card.
Record 3: Namelist name -~ CARDN
Namelist variables
NAME TYPE (units) Possible values Default
AO Real (none) 0.<A0<1. 0.1
AOFAC Real (none) 0.<AOFACS.5 0.2
AOM Real (none) 0.<AOMS1. 1.0
ANC Real (none) 0.<ANCK. 2 0.05
BO Real (none) 0., 2. 0.0
CYL Real (none) 0., 1. 1.0
DR Real (cm) 0.<DR<> Must be spec-
ified
DT Real (s) 0.-DT<ee 10—3
DT@ Real (s) 0.<DT@#<e 1.0
DTIGC  Real (s) 0.<DTPC< 1030
DZ Real (cm) 0.,<DZ<e Must be spec-
ified

EPS Real (none)  0.<EPS<I. 107
FREZXR Real (none) 1.<SFREZXR< 1.0
FREZYB Real (none) 1.<FREZYB<e< 1.0
FREZYT Real (none) 1.SFREZYT<® 1.0
GR Real (cm/sz) ~oa GRS 0.0
GRDVEL Real (none) 0., 1., 2. 2.0
cz Real (cm/s2)  —oe<Gz<e -980. 0
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NAME TYPE (units) Possible values Default

GZP Real (cm/sz) —0aGZ P<oo 0.0

IBAR Integer (none) 1SIBAR Must be spec-

<Storage 1fied
IEOF Integer (none) 0, 1 0
IST Integer (none) -1, 1KISTS -1
storage

IUNF Integer (none) OSIUNFSIBAR Must be spec-
1fied

JBAR Integer (none) 1<JBAR<storage Must be spec-
ified

JCEN Integer (none) 1KJCENSJBAR Must be spec-—
ified

JDUMP Integer (none) 1KJDUMP< 999999

JUNF Integer (none) OSJUNFSIBAR Must be spec-—
ified

KXI Integer (none) -1, 0, 1 -1

LAM Real (see Ref. O.SLAMSe 0.6

3)

MU Real 0. U< 0.0

NCLST Integer (none) ISNCLST<e 999999

NCQ Integer (none) —oo<NCQe -1

™M Real (none) 0.<gM<2. 1.0

QLEVEL Real (none) .02 0.02

REXR@N Real (gm/cm’) 0.<REZRpN<b 0.001

REZSIE Real (cmzlsz) 0.<REZSIE<> 2x1010

REZYO Real (cm) YB<REZYO<eo 0.0

RMINEF Real (cm) 0.<RMINEF<ee 50.0

T Real (s) 0.<T<ee 0.0

TQ Real (s) 0.<TQ<®° 0.0

TSTRTD Real (s) 0.<TSTRTD<® 1.0

TUQI Real (cmz's) 0.<TUQI<e 0.0

TUSI Real (cm) 0.<TUSISfire- 0.0

ball radius

TWFIN Real (s) 0.<TWFIN<e 1.E30

WMAXEF Real (none) 0. <WMAXEF<ee 2.0

YB Real (cm) 0.<YB<e 0.0

Z@RIG Real (none) 0.<Z@RIGZ® 6.0

AO - Amount of donor cell in momentum fluxing
(0. is centered differencing; 1. is full
donor cell).

AOFAC - Stability condition uAt/Ax<AOFAC.

AOM - Amount of donor cell in mass fluxing (see
AO).

ANC — Amount of node coupler (see Ref. 2).

BO - Interpolated donor cell coefficients;
allows for partial cancellation of trunca-
tion errors in the convection terms.

CYL - Geometry-type switch. If CYL = 1., the

calculation is done in cylindrical




DR

DT

DTO,
DTOC

DZ

EPS

FREZXR

FREZYB

FREZYT

GRDVEL

GZ

GZP

IBAR

LEOF

IsT

IUNF

JBAR

JCEN

geometry; if CYL = 0., it is done in slab
geometry.

Initial value of the width of the zones in
the region of uniform zoning (see Sec.
I1.A).

Initial time step.

Two arrays that determine when plots and
long prints (edits) will occur as a func-
tion of problem time. Edits will generally
occur every DTO(I) seconds in the interval
DTPC(I~1) < T < DTPC(I). DTPC(0) = O.

Same as DR except zone height (see Sec.
I.A).

Convergence criterion in the pressure
iteration (see Ref. 2).

Geometric ratio of zone Ar's in the right
region of nonuniform zoning (see Sec. I.A).
Geometric ratio of zone Az's in the bottom
region of nonuniform zoning (see Sec. I.A).
Geometric ratio of zone Az's in the top

region of nonuniform zoning (see Sec. I.A).

Body force acceleration in the radial dir-
ection.

Type of rezone. GRDVEL = 0. is Eulerian, =
1. is Lagrangian, and =2. causes the re-
zone subroutine to be called.

Body force acceleration in the axial dir-
ection (usually gravity).

Particle acceleration in the axial direc-
tion (not applied unless particles have
mass.)

Number of real zomes in the radial direc-
tion (see Sec. I.A).

Input of the record 3 section is terminated
by inputting a record with IEOF = 1.

Number of particles whose positions are to
be plotted as a function of time. If IST <
0, no particles are followed.

Number of zones in the radial direction in
the region of uniform zoning (see Sec.
I.4),

Number of real zones in the axial direction
(see Sec. I.A).

Number of real zones from bottom of the
problem to center of region of uniform

zoning (see Sec. I.A).

JDUMP

JUNF

LAM

NCLST

NCQ

oM

QLEVEL

REZRON

REZSIE

REZYO

RMINEF

T
TQ

TSTRTD

TUQI

TUSI

TWFIN
WMAXEF

Frequency of dumps based on cycles. Dumps
will occur when the cycle number is an even
multiple of JDUMP.

Number of zones in the axial directiaon in
region of uniform zoning; must be an even
number because JUNF/2 zones will occur
above and below the point defined by JCEN
(see Sec. I.A).

Viscosity flag (see Ref. 3).

Viscosity parameter (see Ref. 3).

Viscosity parameter (see Ref. 3.)

Cycle number after which to terminate the
run,

Cycle number after which to seed the tur-
bulence; if NCQ < 0, the turbulence is.
disabled; if NCQ = 0, seeding will occur
based on problem time instead of cycle
number, i.e. when T=TQ (see TQ).

Relaxation parameter in the pressure itera-
tion,

Phenomenological turbulence viscosity para-
meter relating to specific turbulence
energy (see Ref. 5).

Initial density of the ambient atmosphere
at y = REZYO; the density of the atmos-
phere above and below REZYDO is determined
by the condition that the entire atmosphere
initially be in hydrostatic equilibrium.
Specific internal energy of the entire
ambient atmosphere.

Center of y-coordinate of the region of
uniform zoning (see Sec. 1.A).

Particles with r<RMINEF are not subject to
turbulent diffusion.

Time at which the problem begins.

Time at which to seed the turbulence if

NCQ = 0 (see NCQ).

Time at which to start turbulent particle
diffusion if the turbulence is on.
Proportionality coustant for seeding turbu-
lence energy. Should be chosen such that
turbulence energy is a few percent of
kinetic energy in any cell.

Turbulence scale (constant over mesh).
(Code could be easily changed to allow
scale variation throughout mesh).

Time at which to terminate the run.

If the turbulence and particle turbulent
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diffusion are on, a particle can be moved
no more than WMAXEF*SQRT (4.*SIGMA*DT)
because of turbulent diffusion in any one
cycle (see Sec. E).

YB - Bottom of the problem mesh if the zoning
is entirely uniform. If the zoning is
nonuniform, YB will be calculated inter-
nally and need not be specified.

ZORIG - Number of fireball radii away from the
fireball that the right problem boundary

is kept.
Example: $CARDN DR = 200. §
$CARDN DZ = 200. $
$CARDN IBAR = 30 §
$CARDN IUNF = 5 §
$CARDN JBAR = 45 §
$CARDM JCEN = 15 §
SCARDN JUNF = 10 $
$CARDN REZYO = 4300. $
$CARDN REZRPN = 1.E-3 §
SCARDN REZSIE = 1.95E9 $
$CARDN T = ,0083 $
$CARDN TWFIN = 30. $
$CARDN DT = .1, 1., 5. §
$CARDN pT¥C = 1., 10., 30. $
$CARDN FREZYB = 1.089359 $
$CARDN FREZYT = 1.089359 §
$CARDN FREZXR = 1.089359 $
$CARDN IEOF = 1 §

Again assuming RESTRT = .FALSE., the next
record will be to define marker particles.
Record 4: Namelist name - PARTN

Namelist variables

NAME TYPE (units)

Possible values Default

DRPAR Real (cm) 0.<DRPAR<® Must be spec-—
ified

DZPAR Real (cm) 0.<DZPAR<e 0.

XC Real (cm) 0 .<XC<e 0.

XD Real (cm) 0. <XD<ee Must be spec-
ified

YC Real (cm) 0.<YC<e 0.

YD Real (cm) 0.<YD< 0.

(a) DRPAR - Spacing between particles in the radial
direction. Particle definition cards
are read until one is input with DRPAR =
0.

(b) DZPAR - Spacing between particles in the axial

direction.
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(c) XC (See Sec. I.C)
(d) XD - (See Sec. I.C)
(e) YC - (See Sec. I.C)
(£) YD - (See Sec. 1.0)
Example:
$PARTN DRPAR = 100., DZPAR = 100., YC = 4300.,
XD = 1000., YD = 0., SC = U. §

$PARTN DRPAR = 0. $

The final input will be the fireball initial-

ization data. One namelist record is needed:
Record 5: Namelist name - FIRE

Namelist variables

NAME TYPE (units) ©Possgible values Default
FBFILE Logical .TRUE., .FALSE., .FALSE.
NRAD Integer 1<NRAD<® 5
NTH Integer 1SNTH<® 180

(a) FBFILE - If .TRUE., the fireball initialization
input will be found on logical unit 3.
Otherwise, the input will follow the
$FIRE namelist card.

(b) NRAD - (See Sec. I.B).

(¢) NTH - (See Sec. I.b).

Example: SFIRE FBFILE = .TRUE.$

For the form of the fireball initialization data,

see the section Sec. I.B.

This completes the input for an initial setup.
Restart dumps are written on each edit cycle as
determined by DTO and DTOC or as specified by JDUMP
and go out to logical unit 8.

* % * PROBLEM RESTART % % =

To restart, a restart dump tape must be present
on logical unit 7. Input record 1 must have RESTRT =
.TRUE. Next follows a namelist record telling from
which dump to restart.

$RCYCLE INTCYC = N §

where N is either the cycle on the dump tape from
which one wishes to restart or -1. 1In the latter
case, restart occurs from the last dump on logical
unit 7. Last, records of the type described
under input record 3 may appear if one desires to
override any of the parameter values in effect at
the time the problem is being restarted. This
section is terminated by $CARDN IEQF = 1 §$.
Example:
$START RESTART = ,TRUE., PAPER = .FALSE.,

FILM = .TRUE., WRAPUP = 60. $
$RCYCLE INTCYC = »1 §
$CARDN TWFIN = 30. $

€~




Initial Conditions

$CARDN NCLST = 99999 $ A.
$CARDN IEGF = 1 $
III. RESULTS OF A SAMPLE CALCULATION

A careful comparison of a YAQUI calculation
with experiment was made and has been reported in
Ref. 6, Fig. 1(c). In that simulation the mixed
equation~of-state, turbulence, and turbulent part-
icle diffusion options were all used. To help the
user to understand the output options and to pro-
vide a comparison calculation, we include detailed
results of a sample calculation, patterned after
the simulation in Ref. 6.

In Sec. A the input parameters are listed along
with the detailed one-dimensional fireball input
data. Also given are the initial marker particle
configurations, the initial grid for the complete
mesh and for a smaller region surrounding the
fireball, and the initial velocities.

In Sec. B contour plots of the vorticity and
the specific turbulence energy at t = .5 s (immedi-
ately following the seeding of the turbulence) are
given. Note that the gengral shapes of the two
contour plots are similar because the turbulence
energy is seeded proportional to the vorticity.

In Sec. C the positions of the marker particles
and contour plots of the specific internal energy
and the specific turbulence energy are given at
t = 3 s at which time all memory of the seeding is
gone. Note that the regions of greatest specific
internal energy closely coincide with the regions
of greatest specific turbulence energy. Also note
the toroidal form of these contour plots, remember-
ing that the left side of the mesh is an axis of
cylindrical symmetry.

In Sec. D complete graphical output at t = 10
s is given. This is a moderately late time because

torus formation occurs at ~t= 1.25 s.

BALLOOM - 30 X 45 - CONC. CrGS.. PARTICLE TuPB. DIFF., FIX IN TPBCOR
THERE MILL BE TURBUWENCE
QLEVEL= 2.00000€-02

TUQt= 5.00000E «00

TuSle 1.00000E+03

NCQe [

Ta= 5.00000€-01

TSTRID= 1.00030€-00
MMAXEF « 2.00000E-00
RMINEF= 5.00000E+01?

{BARe 30
JBAR=: WS
InFe 5
AMNFe 10
JCENs 15
ORe 2.00000€+02
DZe 2.00000E+02
Cyt= 1.00000E+00
GROVEL=* 2.00000£+00
AQe 1.00000£-01
AQOM= 1.00000£+00
B80- 0.
KXls -1
e 0.
LAMe 6.00000€-01
OM= |.00000€+00
€PS= 1.00000€-0%
GR= 0.
GZ=-9.80000€ 02
FREZXR= 1.08936€+00
FREZYT= 1.08936€-00
FREZYB= 1.08936E -00
20R{Ge E.0CCSCE-CD
Y@- 0.
REZYQ= t.30000£+03
REZRON= 1.00000E-03
REZSIE= 1.95930€+09
GZP=-9.80000€+02
T= @.30000€-03
DY« 1.00000€-03
NCLST= 1
THF INe 3. 000Q0E «0)
PAPER<D
FiLn=t
ANC= 2.000Q0E-G1
AQFACs 2.00000E-01
15T= 10

OTOI1-10%e 1.00000€-01 1.00000€+00 5.00000E-00 0.
o. c.

0.
1.00000€E-0?
0.

0.
OTOC1-501= 1.00000€£+00 3.GO000E~Dt a.
0. 0.

0. 0.
PSPARTN DRPAR100. .DZPAR=100.,YC*»3C0. . XD*1000.,¥YD«0. . XC=0. §
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MESHMR FIREBALL INPUT

18

v

3. T2 THE03
7.427278+€-03
1.1017913E +0%
1.4597935€ <0
1.822%794E-04
2.1832264E *0Y
2.5396177€ 04
2.68378313€ 0%
3.210888BE <04
3.514S431E+0
3.7904370€ + 0
%.0391666€ *0%
%,2650180€+0%
.4720316€ 0%
4. 66450869€ « 0%
4. 8464 T73C «0%
5.0198018€+04
5.1872022€ «0%
5.34B2969€ - 0v
5.504S004E 04
5.6562111€+0%
5.802036E <04
5. 943621 TE <04
6.08765953€ -0\
5.2206853E +3
6.3716637€ -0
6.5175153E =3
6.6618302€ -0
6.795321CE 0%
6.9030814E 0
6.S4B6811E0%
6.7215425€ <0
6.4305665€ «0v
8.00321TE~04
5.7840194E 04
5.519090% =0t
%. 3192895 «0%
5.2%93687¢ -0
5. 32I521E 0%
5.1030180€ «0%
5. 0466455E 0y
5.0581713€ 0%
©.991118%E -0
4. Ge33I4EE <0
. BeISI27E 00
4.846EM106E <0y
%.7011089€ «0%
%.7051 374E*0
©.6617931E-0
4.6103550€+0%
4. 5816445E « 0%
.5906267E 0%
4.531100E-0%
. 4403097E-CY
%.4513807€ <0
. 3975257 -0
. %.09199€ -0
LR IRE Y 210
. 3098295 <0
*.3193322€ 0%
4.2798233C 0%
4. 292TINE <O
%©.2927697€ « 0%
%.184613B8E +C4
4. 16736298 «C
4. 1961 3E+Cy
. 1328358 «0%
4.1553763€+0%
4.09206%8€ +C4
4.09%6392€ +0%
4.06%1076E -0
4.0382453E 04
4.0562110€ 0%
3.9661654E 0%
3.999M21E <0
3.9680666€ +0'
3.9457735E+C
3.9014056€ 04
3.8699303€ <0
3.8579594E 04
3.8210083E 0%
3.8109627E+0%
3.7523874E <0
3.7602140€ 0%
3.6961140€ -0
3.7180971E€ <0
3.655T40TE <0
3.6906060E+C%
3.6368277€ 0%
3.558227%€ +04
3.6123930E -0
3.6115551E-04
3.580244 3T 0%
3.6013123E 0
3.5609793€+0%
3.5693239€ -0
3. 5453206€ 0%
3.5536530€+0%
3.5448353E 0%
3.5341065E -0
3.52%56959€ +0%
3.95209144E 04
3.9156540€ <04
3.5132162€ 0%
3.5132002€ +0%

€

7.11%0927€10
6.8662873€+10
6.5330351E-10
6.4165456€10
6.417739%€ 10
6.43567879€+10
6.44%9280S€+10
6.4526913E-10
6.4551471E+10
6.4572304E+10
6.4562536E10
6.4549827€-10
6.4516297£-10
6.4461676€+10
6.%393621€10
6.43384S1E~10
6.4273095€+10
6.4181305€-10
6.4085854E+10
6.3961910€~10
6.3847340€-10
6.3743834E~10
6.3651833€~10
6.3%39957%€ 10
6.3420689€+10
6.3299366E+10
6.3154846E-10
6.3017089%€ 10
8.2877213% 10
6.2764354E+10
6.2702621E+10
6.273M34SE10
6.2947556€E+10
6.3260777€+10
6. 344553WE 1D
6.3660516€+10
6.3895024E°10
6.7963190€+10
6.3951020€+10
6.405%493E-10
6.4165887€-10
6.417966%€ 10
6.4211336E+10
6.4357229€+10
6.4%422836€+10
B.439551E10
&.4+66565€+10
6.43576961€+10
6.4588768€+10
6.4633776E-10
B8.4727400€+10
6.4717721E+10
6.47T53353E-10
6.%803890£+10
6.4818062€-10
6.+856745E+10
6.493%5133E 10
§.497016%E-10
6.5221432€+10
6.502173% 10

6.5018733€+:0
6.51053(5€ 10
6.5112661€E+10
6.5138236€10
6.52279€2€ + 10
6.52082%3€+ 10
6.5270835€+10
6.5245348€+10
6.5274917€~10
6.5353104E+10
6.533514%E-10
6.5400648E+10
6.S413939€e 10
6.5453692€ 10
6.5501863€ 10
6.5503054€+10
6.55%2986€ «10
6.5516869€ 10
6.5378593€+10
6.5622056E+10
6.571493%E+10
6.5750264E~10
6.57711TH0E10
6.5755132€+10
6.5783460E10
6.5787036€+10
6.5836225%€+10
6.5872889¢-10
6.5919721€+10
6.5934307E+10
6.5959950€+10
6.5964713E-10
6.5995075€ 10
6.6006473E+10
6.6045790E+10
6.6046143E+10
6.6093776€+10
6.6087005E+10
6.65108558€+10
8.6143186E-10
5.5309300€ 09
%.0I53%20E 09
. 4972234E 09
4.2609157E-09
Y. 1209%39€ 09

RHO

1.9659535€-0%
2.0756Q46€ -0+
2.2051980€ - 0%
2.2570703E-04
2.2653017E-04%
2.2683715€ -0
2.2752965€ -0
2.2857219€-0%
2.3548266E -0%
2.3008191E-04
2.30261%5€-04
2.2985509¢ -0
2.2689916€-0%
2.2750392€-0%
2.2966%96E - 0%
2.2346126€ -0
2.2093046E-04
2.1824B896E -0%
2.1536178€-0%
2. 12414 19E-C%
2.0934358€-04
2.0613250€-04
2.0201039€ -0
1.99%9170€ -0
1.960%025€E -0t
1.9242M2E -0
.6880368€ -0\
.B8520866€ - 04
.818240%E -0
.7879916E-0%
< T65T756E - 0%
.7697051E-0%
1.8224201€-0%
1.9058565€ -0%
1.9650938€ -0
2.0362195E -0
2.0939162€-04
2.1131643E-0%
2.1110238€~0%
2.34%551 IvE-0%
2. 1804 764E -0
2.1814627€-0%
2.1B860CA1E-04
2.237513E -0
2.2622082€ -0\
2.2435782¢€ -0
2.27T5TIE -0
2.3070950€-0%
2.30%4152€-04
2.315C6%8E - 0%
2.3%14791E-0%
2.35T7330€-0%
2
2
2

.36785C6E -0%
+38937%J€ -0
. 38%0572¢ -0%
2.39 7666 - Ot
2.1 T8I E -0
2.421504%6€ -0%
2.0% 1 8E -0
2.4%96571E - 2%

2.4507802¢€ -0y
2.4782966€-04
2.4784633€ -0
2.4909695€ -04
2.5115615€-0%
2.5011419€ -0
2.5297217€-04
2.532C570E -0
2.5375363€ -0
2.563%045€-04
2.5521024€-04
2.57T47003€-04
2.5821800E-04
2.5967806€ -0
2.6129194E~0%
2.6103773€-0%
2.6308612€-0%
2.623065%€ -0
2.6489805€ -04
2.65537%9€ -0
2.6768740E - 04
2.684%2126E -4
2.7008{94E -0
2.7074826€ - 04
2.7230005€ -04
2.7244616€ - 0%
2.74298CIE-0v
2. TeS95E5€-0%
2.7611735€-0%
2.76263%1E-0%
2.776101 7E -0
2.77E1170E-C4
2.790972%E -0
2.7923670E-04
2.8096965€ -0%
2.8063880€ -0%
2.9166492€ -0
2.8229404E-CY
2.831280%E-0%
2.8356239E 0%
9.962387CE -0
1.1137507€-03
$.2122925€-03
1.2808223-03
1.3222266£-03

x

8.5614114£+00
1.6904335E€+01
2.9969682€ +01
3.3018635€ +01
.. 1125711E+01
.9262863E +01
5.7399511€+01
6.5519210E+01
7.3625620€ +01
8.1727632€+01
8.9836731£401
9.7968€96€ +01
1.06136989€-02
1.1435120€+02
1.2262183€ +02
1. 3095664 E +02
1.3936314€02
1.4784309€-02
1.5640135€-02
1.6503797€+02
1.7375626€+02
1.8256091£+02
1.914559€ «02
2.004%101€02
2.0952238€+02
2.1870822€402
2.2799977€ .02
2.3733724€ .02
2.4689197E+02
2.5646779€+02
2.6608521E+02
2.7561025€ +02
2.8480948€+02
2.9358387€-92
3.0209328€ +02
3.1031970€-02
3.18344G2€ +02
3.2632708€ +02
3 3eI614E02
3.4226483€ +02
3.5008782€ +02
3.5793869€+02
3.6580240€ <02
3.7352967€+02
3.8118584E02
3.889+160€ +G2
3.9651081€+02
«.0n21261E902
W 118533E.02
4. 1BTSIE-CR
4.2706375€402
. D65 30€ 402
v.4220132€ «C2
~.497C803E <62
. 57258206 &2
“.6480005E <02
4.7229509€ @2
. 7980360€ -02
. GI273SIE R
LGS R
5.0223485E+02
5.0966485E +02
5.1711709€+02

5.2455397€+02 °

5.3195161€02
5.3940142€+02
5.4678771€£-02
5.5418734E 02
5.6159214E 02
5.6834154E+02
5.763w304E~02
5.83698v2E -02
5.9105143€02
5.9838179€+02
6.0569701€-02
6.130162%€-02
6.2030646E «02
6.2763591E-02
6.3491089€+-02
§.4218579£ 02
6.4941963€+02
6.5665120€+02
6.6385539€ +02
6.7105946E-02
6.7823932€+02
6.85%3212€+02
6.9259292€ »02
6.9976241£+02
7.0690859€ -02
7.1406638E ~02
7.2120632€+02
7.283612€E+-02
7.3549285€ «02
T7.4263603€E+02
7.497vaWE <02
7.5680681€-02
7.6401134E02
7. 13453802
7.7825054E€ «02
7.8%36924€ -02
7.8768562¢€ +02
7.8979133E+02
7.9173781E°02
7.9364989€ 02
7.9551292€ -02

P

1.5978265€ +06
1.6002742€+06
1.603%271€-06
1.6076463€+06
1.61%1620€+06
.6222339€+06
6312426606
.6401362€+06
.6477522£406
.6529134E+C6
.6539651€£-06
.6505087€-06
1.6422730E 06
1.6300991€-06
1.6143934E-06
1.5960185€+06
1.5751 1BS€+06
1.5523834E+06

PRMC

1.5378265E-C6
1.6002742€+36
1.6C3%271E-C6
1.6076463€+06
1.6141628€ -C6
1.6222336€+06
1.6312427€+C6
1.6401363€+06
1.6%77521E+06
1.6529134E~06
1.6539552€ -06
1.6505087€ 06
1.6422731E-06
$.6300991E+-06
1.61%3934E~-06
1.5350184€-06
1.5751189€ 36
1.5523834E +36

1. *08
1.5026514E+06
1 .4766793E+06
1.%500901E 06
1.4231C47E+06
1.3957321€+-08
1.3673251E+06
1.3378073€-06
1.3078363E+06
1.2783904€ «056
1.2505825€ 06
1.22614%1E~06
1.2087%81E-06
1.21229389€ ~06
1.2952554€ 06
1.3234276E+06
1.3713999€-06
1.42968534E <06
1.4783551E+06
1.4%4SI4SE-06
1.4S26047E-06
1.52116%7E+06
1.5504324E <06
1.5515396E+06
1.5558857€-06
1.59668 36€ «06
1.619271TE-06
1.6032665€ -06
1.6321559%€ «C6
1.6577911€-06
1.6561355£-06
1.6656348E+C6
1.683%806€ -06
1.691396€-06
1.7C927TNE 06
1.7272210€+06
1.7236436E +36
1.73302uvE «06
1.7531010€-06
1.7570603E36
1.77%2509€ ~06

. 780221 3 +C6

. 1809781E+06
.804B870€ +06
.8052738E +C6
.8163692€ +06
.8345182£-C6
.8258585¢€ <06
.8%99209€ - 06
£.8508326E +06
1.8550692€-06
1.87866C8E +06
t.B693426E «06
1.86890235€ +C6
1.8952354E£+06
1.9079145E -06
1.9216991E+06
1.9201654E +06
1.9377829€+06
1.930457EE~06
1.9527217E+06
| .9592636E+06
1.9793262E+06
1.986324+E+06
2.0000209€ +C6
2.204578%€ ¢ 26
2.08176998E +06
2.0189702€ 06
2.0352341£-06
2.0383%16£+06
2.05235859€ - 06
2.0542831E+06
2.0657759€+06
2.06597C7€ +C6
2.0787447E-06
2.0802752E+06
2.0953533E-06
2.0927784€+06
2.102B242¢ «06
2.1073302€-06
2.1147091E+06
2.119773E-06
2.1283534€ 08
2.1276443E+086
2.1346623€ «06
2.1435096€ «06
2.144C803E+06

1.5 -06
1.5026514€ »06
1.4766792€ <06
1.4300901E+C6
1.4231C%7€+06
1.3957321€+-06
1.3673251€+06
1.337807S€+06
1.3078363€ -06
1.2783S04E-06
1.250582€E+06
1.22614M1E+CE
1.20874BIE06
1.2122939€+06
1.2552554€+06
1.323%276E+C6
1.371395%€ 06
1.4298534E <06
1.4783551E+06
1. 4S5 EE-08
1.4926047E 06
1.5211647E~06
1.550432%E <06
1.5515396E+C6
1.5558857E+C6
1.5966836E-C6
1.6192717€+06
1.6032665€+C6
1.6321559€+C6
1.6577911E+CS
1.656135%€ -C6
1.66%6348E +06
1.68848C6E 36
1.691397E-06
1.709277ECE
1.7272210€ -06
1.7236436E -06
1.73302E 06
1.753101CE-06
1.7570601EC6
1.7Te290SE +C6
1.7802213€E-06

1.7809781E-06
1.80%8871E-06
1.8052738E+06
1.8163692€+06
1.8345182€+06
1.8256%86E <06
1.8499209%€ -06
1.85C8326E-C6
1.8560602€ 06
1.8786608¢€ 06
1.8623426€ - 06
1.8890233€ 38
1.89523S4E~06
1.9079143E +C6
1.9216991£ +06
1.9201654E +06
1.93778c9€ <06
1.8304576€ +06
1.9527237€+06
1.9592838€ 06
§.9793262E+C6
1.98632%%E+C6
2.0000209€ +05
2.0045789€-06
2.0176598€ 06
2.0189702€-06
2.0332341E-06
2.0383416£+06
2.05258599€ +06
2.05%2831€+C6
2.0657758C-06
2.CE%9707€-26
2.078TwNTECE
2.0802752€ 06
2.0953532E+06
2.0927784E-CE
2.1028242E*06
2.1073301E-06
R.1147091E+06
2.119%773E CE
2.1283584E <36
2.1276%W4E <06
2.1346623E -Ca
2.1435098€ +06
2.1440892€ <06




3.5115795€ 0%
3.4996455€ + Q4
3.498083E +0%
3497126+ 0%
34066 TwuE +0
3.4872606€ +0%
3.486256 3 +04
3.4793107E 0
3.%769346E «0
3.4666535€ 0%
3.4676816E <0
3.4695951€+0%
3.4627353E+0%
3.4562976€ <04
3.4547129€ 0%
3.4%52230E v 0%
3.9%19207E 0%
3.44%07332€ 0%
3.%273689€ « 0
3.430T673E 04
3.4298110E+04
3.4227273E <04
3.4230127€ 0%
3.4156343€ «04
3.4057786E «04
3.4071515€ L%
3.3930320€ +0%
3.3950%30€ «0%
3.3846926€ <04
3.3784672€+04
3.3775590€+04
3.3598677€ +0%
3.3683397E+0%
3.3559585E -0
3.3621172€-0%
3.3695006E +04
3.3618831E 04
3.3629543E-04
3.3708649€+0%
3.3620962¢ 04
3.3787F3E 404
3.3717361E04
3.3862282E +0%
3.3866510€ «0%
3.3907936€ « G4
3.4078515€ «04
3.4058596€ *O
3.4201901€-0%
3.4226645E «0Y
3.4365292€ « 04
3.44%2066E <04
3.4593M7E 0y
3.9 T004E5E ~Ce
3.4808810€+0%
3.4918872€+04
3.4957665€ + 0%
3.5176825€ <0\
3.51S4D21E+0%
3.5429866€ *04
3.5468387E~04
3.5573108€ 04
3.564FG0E <0
3.5TROI6E ~0
3.59504: TE <0
3.5974976E * 0%
3.6258650€ +Ote
3.6295192C + Qv
3.6532196€+0%
3.6619990€ 0%
3.6891669€ ~0%
3.692368%E 0%
3.7133722C 0%
3.7205326€+C%
3.738272nE <04
3.7070561E-0%
3.515%104E 0%
3.0219252€ +0%
2.2358707TC <0
1.3295307€ 3
6.5841253K «03
1. 358421603
2.0+36827€-C2
2.5655060€ 01
2.9506340€ +00
1.4687131€-0%
g.

4.0393766€ +09
3.9827654E 409
3.9315579€+09
3.8664795€+09
3.8463971E09
3.8071720€+09
3.7716673€+09
3.7398261E+09
3.7058058€ +09
3.6728596€ +09
3.6431271€+09
3.6143614€+09
3.587575€+09
3.5642181€+09
3.5377923€ «C9
3.519800E «09
3.4931 13«09
3.4716822€+09
3.451287%E +09
3.4319637€+09
3.4124182€+09
3.3957254€+09
3.376897NE-09
3.3581646£+09
3.3430190€+09
3.32%7178E+09
3.3103217€+09
3.295%187€+09
3.2801693€-09
3.2680065€+09
3.2527541€+09
3.2404706€+09
3.2296884E+09
3.2163362€+09
3.2124636€+09
3.1997525€+09
3.1921169€+09
3.16841296E+09
3.1737867€+09
3.1706632€+09
3. 1587356 09
3. 1578656€+09
3. 14886 3E+09
3. 1454 366€ +09
3.1414258€ 409
3.1333618€+09
3. 1355854E +09
3.127e544€+09
3.1288303€+C9
3.1217103€+09
3.1202787€+09
3.1202340E+09
3.1154214E+09
3.1192590€+09
3.1137S31E-09
3.1151226€+09
3.1124720E+09
3.1126938€+09
3.1118803+09
3.1129494€+09
3.0 1918%BE«09
3.1095271E+09
3.1132518€+09
3.1114875€+C9
3. 115454E+09
3.1128822€+09
3.1196232€+09
3.1187001€+09
3.1221196€+09
3.12639%€+09
3.1279237€ «09
3.1311942€+09
3.1316120£+09
3.1372589€ -09
3.1326099€ «09
3.0880550€ +09
&.9%00%86E «Q9
2.6T%4876£+09
2.37120%2€ 09
2.134838%€-09
2.0100851E 09
1. 96885862 +09
1.9606296€ +09
1.9534630€ <09
1.9593191E+09
1.9593019€ «09

1. FSeNNE-03
1.3797260€-03
1.3976971£-03
1.4152509€ -03
1.4336627E-03
1.4490187€-03
1.4672379€-03
1.4867516€-03
1.5027909€ - 03
1.5182726€-03
1.5351{90€-03
1.5608051€-03
1.5669964E -03
1.5839971€-03
1.5961118€-03
1.610%773€-03
1.62%3716€-03
1.637646%€ -03
1.6514w96€ - 23
1.6660%01E-03
1.67977%1£~-03
1.6962041€-03
1.7687326€ -03
1.7198944E-03
1.73%2046€ -03
1.749315606-93
1.7562606E-03
1.7678914£-03
1.7781635€-03
1.7916204€-03
1.7997360€-03
1.8126121€-03
1.8283332€-03
1.8312907€-03
1.8490261E-03
1.8570761€-03
1.8726053€-03
1.8860084€-03
1.8946077E-03
1.9131760€-03
1.9193687€-03
1.9%17212€-03
1.9%504843E-03
1.966651 1£-03
1.9823665€-03
1.9918356€ -03
2.0170949€-03
2.0241597€-03
2.0477689€-03
2.0566002€-03
2.076491E-03
2.09%9301€-03
2.1060612€-03
2.1317003€-03
2.1415689€-03
2.1624276E-03
2.1761624E-03
2.1952162€-03
2.2117616£-03
2.2308589€-03
2.2507700€-03
2.259535£-03
2.282903%€-03
2.2960763€ -03
2.31943ME-03
2.3301621€-03
2.3582757E-03
2.371663%€-03
2.3930645€-03
2.41610B4E-03
2.43368712-03
2.454%207E-03
2.463e29E-03
2.962%3E-03
2.4990925€ - 03
2.4253868€-03
2.1754195€-03
1.8011065€-03
1.4568163€-03
1.2188572€-03
1.C831291E-03
1.3391039€-03
1.2286106€ 93
1.0271156€-03
1.0269294€-03
1.0269072€-03

7.9736131E402
7.9320512€-02
6.0105426€ =02
0.029091 3£ 02
8.0%76857€ 02
8.0663544E +02
8.0850801E 02
8.10383%4E+02
6.1226638¢ +02
8.t 15708€ 02
8.1605383¢ +02
8.17957S6E *02
8.1986934E 02
8.2178% 7€ 02
8.2371334€-02
0.295649% 75 <02
8.275945CE -02
8.2954901E-02
6.3151221€-02
8. 33483056 +02
8.3546233€ °02
8.37TW46TuE <02
8.394%114E402
8.4144Bu3E 02
B8.4345899E+02
8.4548488E 02
8.4751913€+02
8,4956326€ +02
8.5161876E 02
8.5368172E * 02
8.55795821E-02
8.5764249€+02
8.599312E+02
8.620366(E£+02
B.64146i1E-02
8.6626839%€ -02
8.683%76E +02
8.7052755€ «02
8.7267204& *02
8.7481687€-02
8.7697583€-02
8.7913071€-02
8.8129657€ +02
8.83+6509€ Q2
B8.8563670E02
8.8781813k-02
08.8999213E+02
8.9217833E 702
8.9 3%385¢ <02
8.9654M7E-02
8.9874027E+02
9,0032891E+02
9.0312491E+02
9.0331318€+02
9.0750996E +02
9.0970393E -02
9.1190230£ -02
9. 1409967E «02
9.1629852¢ «02
9. 1649631E+02
9.2069225€ *02
9.2289725£ 02
9.2509689€ +02
9.2730109€ «02
9.2950009€ *02
9. 3170586€ +02
9.3390203£ 02
9,3610240€-02
9.3829951E-02
9.4049193E-02
9, 4268468€ «02
9.44%8TW90E «02
9,%706768€ 02
9.4925406€+02
9.5145219€+02
9.5373301E-02
9.5629218€ +02
9.590127€-02
9.63261E 02
9.6768737€+22
9.7307TSTE <02
9.7851043E <02
9.840012%E 02
9.8935001 3€ +02
9.9500000£+02
1.0035000£+03

215528148 08
2.1662647€+06
2.1676758E 406
2.1710943£+06
2.1778156€+06
2.1810343£-06
2.1876866€ +06
2.1989978€ 06
2.203+8320+06
2.2072736E+06
2.2146TVSE 06
2.2204B86E -06
2.2271302€+06
2.2380425€+06
2.2392271€+06
2.24592E +06
2.251%3%0E+06
2.2565507E+06
2.2628176L+06
2.2706127€+06
2.2768864E <06
2.2884185€+06
2.2931063€ 06
2.2958637E +06
2.3049913¢+06
2.3047679€.+06
2.3124840€ +06
2 3177797€-C6
2.32093:5€+06
2.3302033€+06
2.3302694E +06
2.3385065€ +06
2.3512732E+08
2.3483203€+06
2.3657470€ +06
2.3670495E+06
2.3813877E406
2. 3926B64E +06
2.3961195€+06
2.4173211E+06
2.4164093€+06
2.4439052€ +06
2.4482309€ - 06
2.4653439€06
2.4826188€ +06
2.4881422E+06
2.5216114E+06
2.5240010E+06
2.554B981E+06
2.5600953€+36
2.5814284E +06
2.606627TE +06
2.6165042€+06
2.6515849€+06
2.6593540E406
2.6863877C+06
2.7012459€ ~06
2.7250833€ +06
2. TW4gIH6E +06
2. 7695470 +06
2.7953290E+06
2.8044427E+06
2.8368151€+C6
2.8516419€ +06
2.8891831E+06
2.952379% +06
2.9362663€ +06
2.9521055€+06
2.9818865€ +06
3. C14S649E +06
3.0379302X +06
3.0668931€ +06
3.0860672€ <06
3.1229372€+06
3.1290914E+06
2.99C5658€ <06
2.557093E +C6
1.9323934€+06
1.391%247E 06
1.0519%59€ +C6
8.8530622¢ +05
8.285%%02€ +05
8. 1603626€+05
8.1518015€ 05
8. 14974126405
8.1434350€+05

2.1552813E-06
2.1662647E *06
2.1676757E~06
2.1710943E+06
2.1778156E «06
2.1810342E+06
2.1976366E+06
2.1989379€ +06
.2034833E <05
.2073738€ «06
L2146 TYSE+06
.2204887E+06
.2271301€+06
.2380%25€ +06
.239227:E-06
QWS GHIE D6
.25143%0E+06
. 2565508€ +06
.262B17TE~06
2.2706127€ <06
2.2768663E+36
2.288%165€ +06
2.293i083E+06
2.2958637E+06
2.30%9912€+06
2.3047679E 06
2.3124840€+06
2.3177797E+C6
2.3209315€06
2.3302033€+96
2.330269%€ +0E
2.33B5064E+G6
2.3512731E+C6
2.3+83203E+06
2.3657470E +06
2.3670495€ 06
2.3813878E 05
2.3926664E +06
2.3961195€-06
2.4173211€+06
2,4164092€+06
2.443905¢€E +C6
2.4482309€ 406
2.4659499E-06
2.4826187€+06
2.4803423€+06
2.5216113E+06
2.5240010€+06
2.5546581E+06
2.5600957E+06
2.5814264%E +06
2.606627TE+06
2.6166092E+06
2.6515850E-06
2.6593540E 06
2.€B63870€+06
2.7012453€+06
2.7250933£+06
2. TW4936E «06
2.7635470E+06
2.7953290€+06
2.8020941£+06
2.8344226€ «06
2.8492257€+06
2.8817300€+06
2.8927694E +06
2.93374E4E <06
2.9495643E +06
2.9793074E-06
3.0119%39%-06
3.0352785E+C6
3.0542040€ <36
3.0833525€+06
3.12017SI1E-06
3.1213258€+C6
2.9A79629€ +06
2.8570E <06
1.9323934E+06
138142 TE <06
1.0514%59€ ~06
8.853C627E +05
8.2859400€ <05
8. '683625€ «0%
9.1518013C-35
8.1437%CBE+25
8. 1994953€-95

RNV Y
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ALL FIREBALL [NPUT DATA READ

CELL 1 12 HAS A RELATIVE VOLUE ERROR OF -4.03783£-02. !T WILL BE TREATED AS A FIREBALL BOUMOARY CELL
CELL 2 12 MAS A RELATIVE VOLUME EPROR OF -2.%7207€-01. IT WILL 8€ TREATED AS 4 FIREBALL BOUNDARY CELL
CEL. 3 12 HAS A RELATIVE VOLLME ERROR OF -6.93058€-01. 1T WiLL BE TREATED AS A FIREBALL BOUNDARY CELL
CELL e 13 HAS A RELATIVE VOLLME ERROR OF -4.72253E-01. 1T WKILL BE TREATED AS A FIREBALL BOUNDARY CELL
CELL S 1% HAS A RELATIVE VOLWME ERROR OF -7.00923E-01. IT WILL BE TREATED AS A FIREBALL BOUNDARY CELL
CELL L 15 HAS A PELATIVE VOLUME ERROR OF -2.6004%E-01. T WILL BE TREATED AS A FIRESALL BOUNDARY CELL
CELL S 16 HAS A RELATIVE VOLUME ERACR OF -3.06375€-02. IT WILL BE TREATED AS A FIREBALL BOUNDARY CELL
CELL s 17 HAS A RELATIVE VOLUME ERROR OF -3.08375€-02. T WILL B TREATED AS A FIRESALL HOUNDARY CELL
CELL S 18 HAS A RELATIVE VOLUME ERROR OF -2.600%“E-01. T WILL BE TREATED AS A FIREBALL BOUNCARY CELL
CELL S 19 HAS A RELATIVE VOLLME ERRCR OF -7.00923€-01. !T WILL BE TREATED AS A FIREBALL BOUNDARY CELL
CELL % 20 HAS A RELATIVE VOLUME ERROR OF -%.72253€-01. 1T WILL BE TREATEC AS A FIRESALL BOUNDARY CELL
CELL H 21 HAS A RELATIVE VOLUME ERROR OF -%.03783€-02. {7 HILL BE TREATED AS A FIREBALL BOUNDARY CELL
CELL 2 21 HAS A RELATIVE VOLUME ERAOR OF -2.57207E-0!. (T WILL BE TREATED AS A FIREBALL BOUNDARY CELL
CELL 3 21 HAS A RELATIVE VOLUME ERROR OF -65.9905BE-01. IT WItL BE TREATED AS A FIREBALL BOUNDARY CEL.
sessse CYCLE 0. T= 8.30000€£-03. DT= 1.Q00C00E-Q04, CP= 2.25696€+01

GRINDS= 1.63643E-02. NMmiTa 0, CIRC= 3.1014CE+02

otv= 0. . i1DIve 0., LOTvs ¢

D7C- 0. . IDTC» 0. JOIC» ©

THAXa 6.54S03E+10. 1TM= 2, JUTH= 14, XTHAX= O. YTMAX= 0.

TGHXe 2.47278€+08. 1TGs 3. JTG= 18

PRITs 1.000€+03. PTOPs 5, 300£+03, PBOT» 3.300£+03, PO1AMe 2.000€-03. PAVHT= %.30CE<03
TOTAL INTERNAL ENERGY = B.%132171E-18

TOTAL KINETIC ENERGY = 2.20TuTwlE~-lY

TOTAL GRAY. POTENTIAL ENERGY = 4.5637320E<16

TOTAL RADIAL MOMENTUM « | .125721EE°10

TOTAL AXIAL MOMENTUM = 2.1886826E-C%

VIAX @ 4 B646SECY AT VERTEX e 17

7.203 T T T T T ]
6.403 E
5,603 b

%.80¢

%.00-

3.20-3 b
2.403F -
1.60+3p- B
9.00-2p e
L 1 1 I 1
0. @.0002 1.60+3 2.40-3 3.20-3 %.00-3
PARTICLES

PxRe 1,927E0% PYB=-1.38338€-03 PYTw 2.3579E 00
YAQU1-LTSS BALLOON - 30 X &5 - CONC. CHCS.. PARTICLE TURB. DIFF.. FIX iN TR&COR Te 9.30000€-03 CYCLE-
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ALL JONES
DRMINe 2.00000€+02 DRMAX: 1.63F“E+03 DIMINe 2.00000€ -02
DZrAXs 1 .69FevE+03 XR= 1.82TE04 YBe-1.38938€-03 Y¥e 2 35TMECCY
YAQUL-LTSS BALLOON - 30 X &5 - CONC. CHGS.. PARTICLE TURB. DIFF.. FIX IN TRBCOR

Te 8.30000€-03 CYlLE=

21
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FLULD VELOCITY VECTORS SCALED TO MAXIMURM VELOCITY

VIAKs & . B6%E5E « 0
YAQUI-LTSS BALLOON - 30 X %§ - CONC. CHMGS.. PARTICLE TURB. DIFF.. FIX IN IRBCOR

T+ 9.30000€-03 CYCLE=

22



7.2043}-

6.0 3

5.603}

%.603p

%.00e3

3.20-3}

2.%03

1.60-3t

8.00+2]

1

L
Q. 8.00-2

ZONES IN THE FIREBALL REGION

1.60-3

1 L
2.40+3 3.20+3 %.00-3

DRMINa 2.00000£02 ORrAxe | .6FeE03 D2MiNe 2.00000€ -02
OZrAxe 1.699%vE03 XR> | . 92794E<0% YB--1.38530€-03 vTe 2.395TGME <00
VAQUI-LTSS BALLOON - 30 X &5 - CONC. CHGS.. PARTICLE TuRB. DIFF.. FIX IN TRBCOR

T= 8.30000€-03 CYCLE~

bl
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_,.20.3— T T L T T
640034
e e e e . . .
e e e e e . . . .
e e e e . .. .
5.603}
e e e e e . . . .
//. . . . .. .
/ . . . . .
e . .. .
+.80+3 //
f . . . .
— . . .. .
. . . . .
T . . . .
N . . .
3.20+3]
e e e e . . .
c e e e . . .
e e e e . PN .
2.40-3-
e e e . . . .
“ e e e e . . .
P . . . .
e e e e . . . .
e e e e . . . . .
9.00+2|
e e e . N .
1 1 1 1 1
°. 9.00°2 1.60°3 F.03 3,203 5063

FLUID VELOCITY VECTORS

YAQUL-LTSS BALLOON - 30 X 4% - CONC. CMGS.. PARTICLE TURG. DIFF., FIX IN IRECOR

VMAXe & B64ESE 0%

SCALED TO MAXTMUM VELOCITY

T+ @.3000CE-03 CYCLE~




B. Turbulence Seeding Conditions

8.10+31

7.20¢3

6.30+3

5,403

%.50¢3

3.60¢3

2.70+3

1.803

9.00+2

0 L L Il 1 1 1
b. 9.00+2 1.80-3 2.70+3 3.60-3 “.50°3 5.40+3
VYORTICITY
YAQUI-LTSS BALLOON - 30 X 45 - CONC. CHGS.. PARTICLE TuRB. DIFF.. FIX IN TRSCOR

-2.250€+00
-2.000€ +00
-1.750€+00
-1.500€+00
~1.250€+00
-1.000E+00
-7.500€-0¢
-5.000E-01
-2.500€ -01
o.
2.500E-01
S5.000E-0¢
-2.026E+0C
3.103€-01

g"xl.—-!o*unonﬂ»

g

Te 5.13512€-01 CYCLEs

25



8.1003+
7.2003¢
c.sc-ir
5.40¢3
*.5003

3.6003
2.7003

1.80+3-

9.00-21

1

9.002

0.
SPECIFIC TURBRALENCE EMNERGY
YAQU!-LTSS BALLOON - 30 X %5 - CONC. CHGS.. PARTICLE TURA. DIFF.. FIX IN TRECOR

26

A
1.80-3

1 1 IR
2.70+3 3.603 %.50+3 5.%0¢

A 0.
8 1.000€-00
C  2.000€-00
O  3.000€-00
€  4.0Q0€-00
F  5.000€-00
G 6.000€-00
W 7.000E-00
1 8.000E+00
J  9.000£-00
X 1.000E+Q1
L 1.100€-01

QN 0.

X 1.013-01

T= 5.13512€-01 CYCLE-




C. Turbulence Equilibrium Conditions

1.60s%} -

8.00+3
3

6.00¢3

.00 3} -
2.00+3} -4
0.+ ~
Il 2 ] 1
0. 2.00-3 *.03-3 6.00+3 8.00+3
PARTICLES
PXRe |.92794E<0% PYB~ O. PYT= 2.35794E«0%

YAQUL-LTSS BALLOON - 30 X %5 - CONC. CHGS.. PARTICLE TURB. OIFF.. FIX [N TRBCOR

T» 3.00000€+00 CYCLE=

“B%
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1.00e4[

9.00+3F

6,903

%.00«3

2.00+3}

[}

3.
SPECIFIC INTERNAL ENERGY

YAQUI-LTSS BALLOON - 30 X 4§ -

Il
2.003

28

1 1
%.00-3 6.00¢3

CONC. CHGS.. PARTICLE TuRE. DLFF .. FIX [N TPBCOR

1.074E-09
2.147E-09
3.221€-09
. 295€ 09
5.369€ -09
6.442EC9
7.516€-09
9.590€+-09
$.E64E 09
1.07T4E~10
1.181€-10
1.288€+1G
1.336E-10
1.503&E-10
1.611€-10
1.958€ «0S
1.5%8€+iC

Sgoz:r‘xu—-zc\'ﬂnonn>

T» 3.00000E-0Q CYCLE-

w6



1.00e%} -4

8.00-3

| o )

6.00+3| 1
A

%.00e3F .
A
A

2.00¢3F 4

a
° A 3 Il
2.00e3 4.00+3 6.00°3

B.
SPECIFIC TURBULENCE ENERGY
YAQUI-LTSS BALLOON - 30 X &5 - CONC. CHGS.. PARTICLE TURB. OIFF., FIX IN TRBCOR

0.

1.638E <0
3.277€+0%
“.915€ 0
6.554E «Qw
8.192€ 0%
9.83%€ -0
1.147E-05
1.311E05
1.475E-05
1.638€-05
1.802€ +05
1.956E «05
2.130€-05

SSZ!"XL—-XQ‘"MOnu»

0.
2.03%E+05

Te 2.00000E-00 CYCLE=

ey
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D. Moderately Late-Time Conditions (Eight Torus-—
Formation Times)

CYCLE 1546 FOUND

CYCLE 1803 FOURD

TYCLE 2050 FOWwD

CYCLE 2289 FOUND

RESTART NG FROM CYCLE 2289

BALLOON - 30 X 45 - CONC. CHOS.. PARTICLE TURB. DIFF., FIX (N TPBCIR
T+ 1.00000E+01

esecee CYCLE 2289. T» 1.00C00€+01. DY+ 1.34(EQE-03, CP= 2.97676L+00
GRINDS» 1.29761E-0, MMIT: 0O, CIRCs {.09160€-07
OTve 4.25932€-03, I0Tve 7, JOTvs 22
OfCe 1.10200€-0t, IDTC= |, JOTC= 23
THAX= 3.1%928€09, 1TMe 2, JIM« 33, XTMAXe O, . YTHMAXs O,
TGMX~ 2.65171€+06, 1TGe 1, JTG= 34
PRITe 2.436E403, PTOP= [.435€+04%, PBOTs |.0SBE+0%, POIAMe 4.871E<D3, PAVMI- 1.257€«C4
TOTAL INTERNAL ENERGY = 1.0505706E<19
TOTAL KINETIC ENERGY = 7,1391765E+t2
TOTAL GRAY. POTENTIAL ENERGY » §£.898674BE-16
TOTAL RADIAL MGMENTUM s  4.6797458£-09
TOTAL AXTAL MOMENTUM = -2.6B6227SE+10
17104271067616720223 17147033011630%61263
VHMAX & 1,12413£+403 AT VERTEX S 16

1.80%¢+ 1

1,604} h

1,40y

1.20¢%

1.00e%} -1
8.00+31 1
6.00+3F -
.00-3 -
Il 1 1 1 2 _
a. 2.00+3 %.00¢3 6.00+3 6.00+3 1.00%%
PARTICLES
PXRe §.9279%€-0% PY8: 0. PYT= 2.92102E 0%
YAQUE-LTSS BALLOON - 30 X &5 - CONC. CHGS.. PARTICLE Tura. DIFF.. FIX IN IPBCOA Ts 1.C0292E-31 CYCLEe 2269

30




1.80eNk

1.60e4}

1,404+

1.20%

1.00¢!

8.00¢3

6.00+3¥

1 1 3 A
Q. 2.00-3 “.003 6.00+3 6.00-3

TIME-DEPENCINT PARTICLES
YADUL-LTSS BALLOON - 30 X w5 - CONC. CHGS.. PARTICLE TURS. OIFF..,

1
1.00~%

FIX IN 198COR

T» 1.90CJ0€<J! CYCLE= 2239
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ALL ZONES
DAMINs {.59383E+02 DRMAXs |.18653€+03 OZMINe @.03520€-01
OZMAX- 2.9907CE+03 XRe 1.9279% <04 Y8 0. YT+ 2.92102€0%

32

YAQUI-LTSS BALLOON - 30 X &5 - (ONC. CMGS.. PARTICLE TURB. OIFF., FIx IN TRECOR

T= [.00CGOE-Q1 CYCLE» 2299
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VMAXa 1.1C%13E+03

1.30C20€+01 CYC.E» 2299

1=

- 30 X 45 - CONC. CHGS.., PARTICLE TURB. DIFF., FIX IN TR8BCOR

TALY-LISS B

33



T _

1.6004¢ e

1.40e% 17 i

1,20

T Y111

L7177

H
1.00%H e

9.00+3H B

%.00°3 -
S

It L L 1 I
0. 2.00-3 .00+3 6.00-3 6.00+3 1.00+%

20NES IN THE FIREBALL REGION
DRMINe 1.59383E +02 OAMAX® 1.186536+03 DIMINe B.03520€-01
O2MAXe 2.99070€+03 XRe 1.9279%E-04 Y8 0. YTe @.92102E-0%
YAOUI-LTSS BALLOON - 30 X %5 - CONC. CHGS.. PARTICLE TuRB. DIFF.. FIX IR TRABCOR Te 1.00000€-C1 CYCLE- 2299

34



T T

-
C vt e .,

.
M R . .
1.80+% 4 B
0‘.‘
ce.,
C e e ..
. - - - - Ll - .
‘4,
.
4
.
.
® .
* -
1600 ¢ 8 4 L L T S SN o
¢
L
v
.
..
/’ T . . . . - - . -
Ve -
-
v ..
.
140w} //— A A TP, . . . o
P
.
yt" S .
f “‘. . - 3 - - - .
ul'.” ..
T, C e e . . . . . . .
1.20044- | . A
ll 0.
R .
\» .
\\\\\ .. S e e . e . . . . .
I
LINIEE NI e e e e e ]
| & ool e oo oo s
. 3
.
K - ..
» . . . - » . . . .
\ N
\\‘ A L . . . .
Ay - MY
8.00+3 Yo 0 . M . .
1 \ Yool . LI
l\\ VYO e e, . e . . .
.
LR P e e e e e
S Y M
. . N - . . * . . . . .
R . .
Ly e v . . .
6.003 [ R I S SN . . - N . - IS - o
1T SRS A S S S S
T . .
O I S S A
(WY . . . . . . . .
.o . N
' ;A.‘. . . . . . . . . . .
i + S e . . . . s . . . .
Lo Y s e - . .
4 S . . . -
.« & & A e . . v *
t.00<31 [ . « . . . . .
hd . - . .
39 . . .. . . . . .
Y . . . . oo . . . M
3 [T LIRS hd —1 L3 .1 . I
Q. 2.00+3 4%.00-3 6.00+3 6.003 1.00+%

FLUID VELOCITY VECTORS SCALED TO MAXIMUM VELOCITY

VYMAXe 1. 12413E-03

YAQUL-LTSS BALLOON - 30 X &5 - CONC. CHGS., PARTICLE TURB. DIFF., FIX IN TRECOR

T= 1.00020€-G1 CYCLEs 2283

35



T T

W\, !
L N N RN
l.80"¢-1 l 11/
Y
/////_/._._\\\ - N
111///
s
x.souulI// T ~ N NN\
lll// ////.—
/// M N NN
17, T
1.500Y ‘)! /’/,—/ N N I U U R
-"‘Jf/..\\\
. NSNS N N N N N Y
II{ \\
12008 AT NURR R N N N N S WY
: \
ll\\\\/\ A R R N N N N N N W
NS B SR UL SN N N U S
1.00% \\\Q‘\:"///"\\ AR N N N 14
§$~”/f’\‘ AL UL U
SIST-27 v 1 v v v vy
NS -
RN/ T S N W S S B
9.00-3 QQ\Q\_‘/ | S T N N W W I
NIRRT S S W W W W B |
WISSTZ Vs S y v
NN TR S A
MIJISTY - T332} 7
5.00¢3, AN N SO>S N A /4
NN AN NN
vebdY Y Y Xy /4
NN N e NN 7
ORI ST O 7
NN 7>\ | 1
AR R A
4.00+3 \ S \E 2 23 3 i AR
Wiy it v 2225 v .2
Q. 2.00+3 %.00+3 6.00+3 6.003 1.000%

UNSCALED FLUID VELCCITY VECTORS
VRAXe 1.12913K-03

YAOUI-LTSS BALLOON - 30 X %% - CONC. CHGS.. PARTICLE TURB. OIFF.. FIX IN TRBCOR

36

Te

1.CJ000€-01 CYCLE. 2263



1.80-%}- .

1.60e4 - B

1.40¢%

1.20¢%

1.00e%

8.00+3

6.00+31 -

%.00+3} 1

] 1 Il 1 1
c. 2.00+3 «.00+3 6.00+3 8.00+3 1.0Q+%
DENSITY
YAQUT-LTSS BALLOON - 30 X 45 - CONC. CHGS.. PARTICLE TURB. DIFF.. FIX IN TRGCOR

6.13+E-2
6.%39€-C%

STINE-Se
7.019€-0%
T.32%E-0%
7.629€ -Cv
7.935€ -0
8.2%0€ -2
8.545E-Cy
8.850E-0%
9.155€ -0
9.460€-Cv
2. 7S6E -0«
1.007E-C3
6.312E -0
1.936E-03

;ZI"XL"ZO“NO!"OF

So

Te 1.00000E+0t CYCLEs 2283

37




1.80e% b

1.6004} 1

1,404

1,20

1.00°%

8.00+3;

6.00+3- T

4.00+3 -4

L 1 1 —_ 1
Q. 2.00-3 %.00+3 6.00+3 §.00-3 1.00-4%
SPECIFIC INTERNAL ENERGY
YAQUE-LTSS BALLOOM - 30 X %% - CONC. CHGS.. PARTICLE TURS. DIFF.., FIX IN TRBCOR

38

1.9%6€923
2.013€-29
2.08CE-C9
2.147E-29
2.21%E .29
@.2B2€+03
2.349€E-03
2.%16E+C9
2.483E-09
2.550€-03
2.617E-09
2.6B%E +09
2.751E+03
2.819€-09
2.886€ +09
2.953€+09
3.020€-09
3.097€£+09
3.154E£-09
1.951E-09
3.149€-09

sgmnonoz:rxg-zo'\vn:na»

Te 1.003CCE~D! CYCLE~ 2289



1,804

1,604} t

1.40e4

I.EOWL

1.000%;

8.00+3

6.00+3

%.00+3
.

1 1 1
0. 2.00-3 %.00+3 6.003
VORTICITY

YAQUI-LTSS BALLOON - 30 X %5 - CONC. CHGS.. PARTICLE

1 1
8.00-3 1.00%%

TURS. DIFF.. FIX IN TRBCOR

-2.750E-C2
-2.500£-20
-@.255ECC
-2.000E+20
-1.750€-00
-1.500€+00
-1.250E-00
-1.000€+00
-7.500€-01
-5.000€-C1
-2.500€-01
0.

2.520€-01
-2.576L -00
2.%13€-01

3xr‘xc.—xo*|mcf\m_)-

L]

T= 1.00000E+01 CYCLE= 2299

39



0 €
VELOCITY MAGNTTUDE
YAQUI-LISS BALLOON - 30 X 45 - CONC. CHGS., PARTICLE TURB. DIFF.. FIX [N TRBCOR

40

1.8004

1.60e%

1.40Qe%

1.20%

1.00Q¢

8.00+3;

B6.00¢3,

%.00+3

2.00+3

1
4.00-3

1
6.00+3

1
6.00-3

L
1.00+%

2.

6.%JCE-3:
1.28CE-C2
1.920€-02
2.56CE 32
3.200€-C2
3.8%CE-02
%.48E-C2
S.120€+02
S.760€+02
6.%00€ «02
7.040E 02
7.690€-02
8.32CE-02
8.963E-C2
9.600€E+02
1.02%€-03
1.088E+03
1.152E-03
1.076E+09
1.122€£-03

SSMBD‘IOZIF'KL—X"\‘\MDF\GD

T« 1.00000€-01 CYCLE- 2289




0.

2.34eE(3
“.036E+23
6. 14nE<C3
8.192€+03
1.02%E-0%
1.229E€+0%
1.430EC0n
1.638E+04
1.843E+0%
2.048E QY
2.253E-0%
2.458E +0%
2.662E 04
@.867E+0%
3.672E -0

1.8004} A ]

1.600% B

1.40ek

ggvoz:r—xg—xoﬂnonan

C.
3.009€-0%

1.20e4

1.000%]

8.00+3

6.00+3¢ t p
A

——
%.00+ 3 —p 1
L}
1 Il 1 L !
2.00-3 %.00+3 6.00-3 6.00+3 1.00+%

0.
SPECIFIC TURBULENCE ENERGY
YAQUI-LTSS BALLOON - 30 X 45 - CONC. CHGS., PARTICLE TURB. DIFF., FIX IN TRBCOR T= 1.00000E+01 CYCLE~ 2289




T T T

1.80+4} ~ A 3.
B :.25€-3;
€ 2.500€-01
D 3.3%CE-CI
€ 5.000E-C1
F 6.250E-0!
G 7.500€-6%

1,604} - H  9.75CE-01
! 1.000E+00
J  1.125€-00
K 1.250€+00
L 1.375€.0C
M 1.570E-00

o o

1.%00u4k e QX 1.%63E-CO

1.2004 e

1.00e4 e

8.00-3+ E

6.00+3f E

%.00+3}4 L

1 1 ] 1 1 _
0. 2.C0+3 w.00+3 6.00+3 9.00+3 1.00s%
RATIO OF SPEC. TURB. ENERGY TO SPEC. KINETIC ENERGY
YAQUI LTSS BALLOON - 30 X 45 - CONC. CMGS.. PARTICLE TURS. DIFF.. FIX IN TRECOR Te 1.GO0JOE-0) CYILE~ 2289

42




] o R A A
1.80%%} 'y -4
1.60e%} .
10 G \.\.. J
1.2004} ¢ -
1.00%4 £4¢ 4
8.00+3 y 1
A
6.0002 t i
A
—
.0003 R — 4
1 1 1 —1 Al
2.00°3 v.00+3 5.00°3 §.00-3 1.0Gew

C.
TURBULENCE VISCOSITY tSiGMAL
YAQUL-LTSS BALLOON - 30 X &5 - CONC. CHGS.., PARTICLE TURB. DIFF.. FIX IN TRBCOR

9.

S.120E-02
1.02%E+03
1.536E+03
2.0v8E-03
2.560€-03
3.072€-03
3.564E+03
%.096E-03
*.608€+03
5.120€-C3
c.

%.936E-03

sz&~:0"”°nﬂ>

I 1.00000€-C) CYCLE= 2289

43



1.80%p b

1,604} -1

1,40

1,204

1,004

6.003]

%.00e3 1

1 1 1 L It
Q. 2.00-3 “.0Q03 6.00+3 6.00-3 1.00e%
CONCENIRATION X RADIUS
YAQUL-LTSS BALLOON - 30 X %5 - COMC. CHGS., PARTICLE TURB. DIFF.. FIX IN IRBCOR

44

C.

6.00JE-20
1.600€+0¢
2.40CE-C1
3.200£-01
%.00CE-C:
.B00E-01
5.60CE-01
6.%00E-01
7.200E+01
8.000£+01
8.800€-01
2.63JE-01
1.0%0E-C2
1.120€-02
1.200€-02
1.280€-02
1.380€E+02
1.440E=02
1.520€-02

g;—-mxovozxrxg—-xoﬂnonw>

Q.
1.446E .02

T+ 1.0C000€-01 CYCLE- 2289




Iv.

FLOW DIAGRAM

Initialize

Yes 4@ No

Read
Dump File

Set Parameter
Default Values

Y

Y

Read
Parameters
Overriding
Values On
Dump File

Read Problem
Parameters

Y

Generate
Particles

Y

Generate
Mesh

{

¥

Initialize
For The
Next Cycle

1

Update Vel.
Explicity
Using
Logrongian
Eqns.

Colculate
Effects Of
Turbulence

Set Up
Ambient
Atmosphere

Y
Set Up

Fireball
]

|

Yes @ No

Phase I, Part !

{

Time- Advanced

And Velocities

Solve
Iteratively
For The

Pressures

Y

The Energy

Using Resuits
Of Phose II

Updote

Move The
Mesh With
Appropriate

Grid Vel.

{

f lux Mass,
Momentum,
And Energy

L

Lograngian
Calcuiation
?

Phase II

Phase I, Part 2

Move The
Mesh Wit
The Huid:

1

Move The
' Particles

Y

®

Phase III

45



46

Seed The
Turbulence

|

Print Cycle
Summary

Do Film Plots,
Prepcre Dump File,
Print Hydro Variables

No

cP
Time

Last Cycle
Reached,

Termination

Exhousfed.'

End




